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the need for superfluous VOD storage. This approach also
facilitates various pre-streaming processing in a video
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CatalogType (1 byte) ubmsbf 0
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APPARATUS AND METHODS FOR
NETWORK VIDEO RECORDING

COPYRIGHT

A portion of the disclosure of this patent document con-
tains material that 1s subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as 1t appears 1n the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND OF THE INVENTION

1. Field of the Invention

In one exemplary aspect, the mnvention relates to the fields
of content storage and delivery over one or more networks,
such as for example cable television or satellite networks.

2. Description of Related Technology

Modern content-based networks (e.g., cable television or
satellite) provide their subscribers with a broad variety of
content in a number of different formats (e.g., digitally
encoded according to different encoding schemes, low- and
high-definition, etc.) via a number of different delivery para-
digms (e.g., broadcast, pay-per view, on-demand, etc.) and
with various feature sets (e.g., premises digital recording or
DVR, networked personal video recording, etc.). Each of
these facets are now described 1n greater detail.

Digital Encoding

With the advent of digital communications technology,
television program streams are now transmitted in digital
format. For example, Digital Satellite System (DSS), Digital
Broadcast Services (DBS), and Advanced Television Stan-
dards Committee (ATSC) program streams are uniformly
digitally encoded or formatted according to a prescribed stan-
dard. One such prevailing standard 1s the Moving Pictures
Experts Group 2 (MPEG-2) standard. The MPEG-2 standard
specifies, inter alia, the methodologies for video and audio
data compression and encoding, allowing for multiplexing
multiple programs with different video and audio feeds in a
transport stream traversing a single transmission channel.
The digital receiver of a digital set-top box (DSTB) or other
such device 1s then used to decode the MPEG-2 encoded
transport stream, and extract the desired program therefrom.

In accordance with the MPEG-2 standard, video data 1s
compressed based on a sequence of groups of pictures
(GOPs), made up of three types of picture frames: coded
picture frames (“I-frames™), forward predictive frames (“P-
frames™) and bilinear frames (“B-1rames™). Each GOP may,
for example, begin with an I-frame which 1s obtaimned by
spatially compressing a complete picture using discrete
cosine transform (DCT). As a result, 11 an error or a channel
switch occurs, 1t 1s possible to resume correct decoding at the
next I-frame.

The GOP may represent additional frames by providing a
much smaller block of digital data that indicates how small
portions of the I-frame, referred to as macroblocks, move over
time.

An I-frame 1s typically followed by multiple P- and
B-frames 1na GOP. Thus, for example, a P-frame occurs more
frequently than an I-frame by aratio ofabout 3 to 1. A P-frame
1s forward predictive and 1s encoded from the I- or P-frame
that precedes it. A P-frame contains the difference between a
current frame and the previous I- or P-frame.

A B-frame compares both the preceding and subsequent I-
or P-frame data. The B-frame contains the average of match-
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ing macroblocks or motion vectors. Because a B-frame 1s
encoded based upon both preceding and subsequent frame
data, it effectively stores motion information.

Thus, MPEG-2 achieves 1ts compression by assuming that
only small portions of an image change over time, making the
representation of these additional frames extremely compact.
Although GOPs have no relationship between themselves,
the frames within a GOP have a specific relationship which
builds off the initial I-frame.

The compressed video and audio data are carried by con-
tinuous elementary streams, respectively, which are broken
into access units or packets, resulting 1n packetized elemen-
tary streams (PESs). These packets are identified by headers
that contain time stamps for synchronizing, and are used to
form MPEG-2 transport streams. For digital broadcasting,
multiple programs and their associated PESs are multiplexed
into a single transport stream. A transport stream has PES
packets further subdivided into short fixed-size data packets,
in which multiple programs encoded with different clocks
can be carried. A transport stream not only comprises a mul-
tiplex of audio and video PESs, but also other data such as
MPEG-2 program specific information (sometimes referred
to as metadata) describing the transport stream. The MPEG-2
metadata may include a program associated table (PAT) that
lists every program in the transport stream. Each entry in the
PAT points to an individual program map table (PMT) that
lists the elementary streams making up each program. Some
programs are open, but some programs may be subject to
conditional access (encryption) and this information 1s also
carried 1n the MPEG-2 transport stream, possibly as meta-
data.

The aforementioned fixed-size data packets 1n a transport
stream each carry a packet identifier (PID) code. Packets 1n
the same elementary streams all have the same PID, so that a
decoder can select the elementary stream(s) it needs and
reject the remainder. Packet-continuity counters may be
implemented to ensure that every packet that 1s needed to
decode a stream 1s recerved.

DVR, PVR and nPVR

Digital video recorders (DVRs) and personal video record-
ers (PVRs) are devices which record video content, in digital
format, to a disk drive or other medium. The use of such
devices 1s now ubiquitous, and they provide conveniences to
TV wviewers such as e.g., (1) allowing a user to record a
program for later review, (11) allowing a user to record every
episode of a program for a period, and/or (111) automatically
recording programs for the user based on viewing habits and
preferences. Further, the presentation of the recorded pro-
gramming content can be manipulated by exercising rewind,
pause, play, stop, and fast-forward functions hereimafter

referred to as “trick mode” functions) in such DVRs and
PVRs.

Anetwork PVR (nPVR) 1s a form of a PVR which can store
content on a remote network device instead of a local hard
disk. The nPVR allows the user to perform the analogous
DVR functions through use of a network entity or process,
rather than a local DVR at the user premises, thereby osten-
sibly relieving the user of the burdens of ownership and
maintenance of a DVR unit.

Numerous nPVR architectures exist. See, e.g., co-owned
U.S. patent application Ser. No. 10/302,550, filed Nov. 22,

2002, 1ssued as U.S. Pat. No. 7,073,189 on Jul. 4, 2006,and
entitled “Program Guide and Reservation System for Net-
work Based Digital Information and Entertainment Storage
and Delivery System”, incorporated by reference herein 1n 1ts
entirety, which discloses one exemplary network architecture
and functionalities for implementing nPVR service. Gener-




US 9,277,266 B2

3

ally, nPVR systems employ Video on-demand (VOD) or s1mi-
lar architecture to provide content storage and retrieval 1n a
network. Typical VOD architectures will be discussed in
greater detail below.

Start-Over

So called ““start-over” 1s a feature offered to some network
users which allows the user to jump to the beginning of a
program 1n progress without any preplanning or in-home
recording devices (e.g., DVR). Start-over 1s enabled by a
soltware upgrade to the existing video on-demand (VOD)
platform, and to the 1nstalled base of digital set top boxes. In
other words, the start-over feature utilizes an nPVR system to
maintain content which users may request, and delivers con-
tent in a manner similar to VOD. The start-over system instan-
taneously captures live television programming for immedi-
ate, on-demand viewing. Start-over functionality 1s the result
of MSO-mitiated nPVR storage of broadcast programs in real
time. In other words, the MSO determines which programs
will be start-over enabled, and stores this content as it 1s
broadcast to an nPVR which 1s accessible by the various
client devices utilizing a mechanism similar to VOD (dis-
cussed below).

When tuning to a start-over enabled show 1n progress,
customers are alerted to the feature through an on-screen
prompt. By pressing appropriate remote control buttons, the
program 1s restarted from the beginning. Under one type of
approach, start-over enabled programs may only be restarted
within the shows’ original telecast window (1.e., during the
time window set for broadcasting the program), and may not
be restarted after the show has finished broadcast. Thus, the
start-over feature generally functions as an nPVR {for pre-
defined content (1.¢., content on a start-over enabled channel)
during a predefined period (1.¢., the broadcast window).

Co-owned, U.S. patent application Ser. No. 10/913,064,
filed Aug. 6, 2004, and entitled ““Iechnique for Delivering
Programming Content Based on a Modified Network Per-
sonal Video Recorder Service”, incorporated herein by refer-
ence 1n 1ts entirety, discloses exemplary network architecture
and functionalities for implementing start-over service within
a content-based (e.g., cable) network. As noted above, start-
over services generally employ a VOD or similar architecture
to provide content storage and retrieval.

VOD Systems

The provision of “on-demand” (OD) services, such as e.g.,
video on-demand or VOD, 1s well known 1n the prior art. In a
typical configuration, the VOD service makes available to its
users a selection of multiple video programs that they can
choose from and watch over a network connection with mini-
mum setup delay. At a high level, a VOD system comprises:
(1) one or more VOD servers that pass and/or store the relevant
content; (1) one or more network connections that are used
for program selection and program delivery; and (111) cus-
tomer premises equipment (CPE) to receive, decode and
present the video on a display unit. The content 1s typically
distributed to the CPE over a Hybrid Fiber Coaxial (HFC) or
satellite network, which may include e.g., dense wave divi-
sion multiplexed (DWDM), coaxial, wireless (e.g., satellite
or millimeter wave), and other types of bearer media.

Several different network architectures have evolved for
deploying VOD services. These architectures range from
tully centralized (e.g., VOD servers at a central location) to
tully distributed (e.g., multiple copies of content distributed
on VOD servers very close to customer premises; 1.€., at the
network “edge™), as well as various other network topogra-
phies there between. Since most cable television networks
today consist of optical fiber towards the core of the network
which are connected to coaxial cable networks towards the
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edge, VOD transmission network architectures also consist of
a mixture of optical fiber and coaxial cable portions.

While the architectural details of how video 1s transported
in the core HFC network can be different for each VOD
deployment, each generally will have a transition point where
the video signals are modulated, upconverted to the appropri-
ate RF channel, and sent over the coaxial segment(s) of the
network Depending on the topology of the individual cable
plant, this could be performed at a node, hub or a headend.
The coaxial cable portion of the network 1s variously referred
to as the “access network™ or “edge network™ or “last mile
network.”

A typical prior art VOD architecture usetul for prior art
nPVR and start-over functionality comprises sending content
through various staging and segmenting functions, then on to
a VOD server. At the staging and segmenting functions, the
content 1s spliced on valid GOP boundaries, or I-frames. The
spliced content 1s then examined, and a reference data file 1s
created to describe it. However, current splicing functions are
often 1nexact due to the fact that the splicing 1s occurring on
content running open GOPs; this ultimately leads to the cre-
ation of data files which relate to portions of the content that
have been removed, or content streams having other artifacts
or problems. The VOD server uses the data file as a guide to
where the segments of the content are located, and constructs
a content stream inserting secondary content (e.g., advertise-
ments from an advertisement playlist) in-between the seg-
ments.

Associated with the VOD server 1s a cataloging entity,
which maintains records regarding the content stored on (and
available for streaming from) the VOD server. In many prior
art systems, the cataloging entity 1s not equipped to manage
data regarding the massive quantity of content stored therein.
Further, as assets are removed from VOD availability, prior
art cataloging entities are often unable to function as
intended.

Exemplary nPVR System Utilizing VOD—

A typical prior art VOD architecture providing storage and
access to content 1s given 1 FIG. 1a. This architecture 1s
utilized for both user-inttiated and MSO-1nitiated nPVR.

As 1llustrated, audio/video content 1s received to the MSO.
The MSO sends the content to a staging processor 102
adapted to “stage” content for transmission over the network.
The staging processor 102 1s an entity adapted to prepare
content for segmenting and/or for transmission to a VOD
server 105 for streaming to one or more users.

Content 1s prepared for transmission and/or segmenting by
processing through various staging processes, or software
applications adapted to run on the digital processor associated
with the staging processor 102. The processes elffected by the
staging processor 102 include, inter alia, at least one segment-
ing process 104. The segmenting process 104 divides the
content video feed on valid GOP boundaries, or I-frames.

Segmenting the video feed at the segmenting process 104
results 1n content which 1s segmented based on a schedule.
The segmented content 1s then examined by a business man-
agement process (BMS) 107. The management process 107,
inter alia, creates a data file regarding the segmented content.
The data file gives metadata regarding the content and
“points” to the segmented portions of the content on the disk.
However, current segmenting processes 104 of the type 1llus-
trated 1n FIG. 1a are often imprecise (e.g., splice points not
precisely on the correct frame boundaries), and may result in
instances where the management process 107 refers to con-
tent that 1s no longer part of the file, and/or contains other
“olitches”. These conditions cause problems with video
received by a user including e.g., “macroblocking™ (an effect




US 9,277,266 B2

S

akin to pixelation), and/or segments of the video stream hav-
ing no video (1.e., being blank).

Other 1ssues associated with prior art segmentation tech-
niques include overflow or underflow of builer levels and
“closed” GOPs. In an MPEG buiflfering scheme, certain past
and future pictures need to be maintained in a buffer. When
switching streams 1t 1s possible to overtlow or undertlow this
buffer 1t the levels are not managed correctly. A GOP in
MPEG?2 refers to the distance between reference frames that
can be completely rendered with only the information 1n that
frame; similar to a still photo compression such as JPEG.
Other frames 1n between the reference or I-frames have some
torward or backwards references. It 1s possible in MPEG to
reference frames beyond the I-frames. If a stream 1s cut where
a further frame beyond the next I-frame 1s needed, visual
errors can be introduced.

Once the management process 107 has created a data file
for the content, it 1s sent to a VOD server 105. As described in
greater detail subsequently herein, the VOD server 105 stores
the content and/or data on hard disks; the VOD server 105
streams the content from these disks as well. The VOD server
105 15 also sent a playlist of advertisements.

The VOD server 105, therefore, will receive the segmented
content as well as a file indicating where the various portions
of the content are and 1n what order they should be arranged;
the VOD server also recetves advertisements for insertion into
the segmented content.

FIG. 156 1s 1llustrative of a simplified prior art segmented
content file 120 and advertisement playlist 130. As noted
above, the content 1s segmented according to a schedule thus
resulting 1n any number (n) content segments 122. The adver-
tisement playlist 130 comprises some number (x) of adver-
tisement segments 132. The number x of advertisement seg-
ments 132 may be e.g., equal to the number n of content
segments 122; alternatively, the number of advertisement
segments 132 may be one more (n+1) or one less (n—1) than
the number of content segments 122.

When a CPE 106 requests the content from the VOD server
105 via the network 101, the VOD server 105 utilizes the data
file (not shown) created by the management process 106 to
find the start 124 and end 126 points of the content segments
122, and the start 134 and end 136 points for the advertise-
ment segments 132. The first content segment 122q 1s deliv-
ered to the user, and at its end point 126qa, the VOD server 105
sends the first advertisement segment 132q. At the end point
136a of the first advertisement segment 132a, the VOD server
105 sends the second content segment 1225. At the end point
1266 of the second content segment 1225, the second adver-
tisement segment 13256 1s sent. This pattern continues until
the last of the content segments 1227 and/or the last of the
advertisement segments 132x have been presented to the user.
The user will recerve a seamless content-plus-advertisement
stream 140 comprised of the various segments 122a, 1324,
1225,1326 .. .122n, 132x sent. It 1s recognized that the first
segment sent to the user may comprise either the first adver-
tisement or the first content segment, still utilizing the pattern
outlined above.

Content and data storage within the previously described
prior art VOD system requires high performance fiber chan-
nels or small computer system 1nterface (SCSI) disks which
have the disadvantages of being expensive and small 1n size
(typically 15K RPM). In other words, the VOD system 1s a
tull complex, so the storage 1s tightly coupled to the streaming
capabilities. The VOD complex controls the content once
received, and thus disallows the multiple systems operator
(MSO) to change the content stream 1n any way, except by
providing a new content file. The foregoing approach also
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generally results 1n VOD server vendors (1.€., companies who
provide and maintain VOD servers for MSO utilization)

charging their clients (MSOs) comparatively high rates for
storage and streaming of content at the VOD server.

In an nPVR system (and/or a start-over system), MSOs
ingest a large quantities of content to the VOD servers for
storage and streaming, so as to offer nPVR features (includ-
ing e.g., start-over) on a variety of channels and/or for a
variety of programs. Doing so quickly becomes exceedingly
expensive. Further, given that start-over capabilities are made
available on a channel-by-channel basis, a large portion of the
content stored and available for streaming from the VOD
server 1s often never requested, such as during times when
there are fewer viewers (e.g., between 12 midnight and 6 am).
Thus, 1mn the present systems, even when content 1s not
requested, 1t must still be sent to the VOD server as discussed
above.

Other ineificiencies or undesirable aspects in these prior art
systems lie 1n the fact that the MSO has no control over the
content once mgested by the VOD server. In other words, the
MSO 1s not able to “clean up” portions of the content which
were imprecisely segmented or processed (discussed above),
because the content 1s sent directly from the segmenting
process to the VOD server. The MSO 1s also unable to mnsert
advertisements or other secondary content different from
those given to the VOD server in the advertisement playlist, or
in a different order than presented therein.

Additionally, using the foregoing approach, the BMS 107
1s loaded heavily by having to create all the metadata for the
ingested content.

Hence, based on the foregoing, there 1s aneed for improved
apparatus and methods for efliciently making content avail-
able in an nPVR (and/or start-over) system via an on-demand
or other network server. Such apparatus and methods would
in one embodiment be adapted to store content locally, such
as via larger and more cost effective (e.g., COTS) mass stor-
age means. Local storage of content would also optionally
provide mechanisms for the addition of secondary content,
and other types of content manipulation (such as the afore-
mentioned “clean up” or segmentation or other processing
artifacts).

Additionally, such apparatus and methods would in one
embodiment reduce the amount of content unnecessarily
ingested to the streaming server, and provide more efficient
and effective cataloging processes. Historical storage (e.g.,
storing content relating to past broadcasts for a period ol time)
would also be improved, thereby providing network users
additional viewing options.

SUMMARY OF THE INVENTION

The present invention satisfies the foregoing needs by pro-
viding improved apparatus and methods for the storage and
streaming of content in a recording and delivery (e.g., nPVR)
system.

In a first aspect of the invention, a method for the delivery
of content 1s disclosed. In one embodiment, the delivery 1s
accomplished via a network personal video recorder 1n a
content based network, and the method comprises: ingesting
the content; processing the content, the processing compris-
ing at least one step for segmenting the content into a plurality
of elements; storing the segmented content elements; receiv-
ing a request for at least a portion of the content; generating a
content stream using at least a portion of the content elements;
and sending the content stream to one or more users.

In one variant, the act of segmenting comprising cutting the
content stream at one or more I-frame boundaries.
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In another variant, the act of generating a content stream
comprises at least assembling the segmented content ele-
ments with one or more advertisement segments. The act of
generating a content stream further comprises e.g., transcod-
ing the assembled content elements and advertisement seg-
ments.

In another variant, the method further comprises generat-
ing metadata regarding the stored content elements. The one
or more advertisement segments are selected based at least 1in
part on a comparison of metadata associated with the adver-
tisement segments and the metadata regarding the stored con-
tent elements.

In a further vanant, the act of sending the content stream to
one or more users comprises sending the content stream to an
on-demand server.

On still another variant, the act of sending the content
stream to one or more users comprises sending the content
stream to a content library.

In another variant, the act of ingesting the content 1s per-
formed substantially 1in response to the receipt of at least one
user request.

Alternatively, the act of ingesting the content 1s performed
based at least 1n part on the receipt of at least a cable network
provider request.

In yet another variant, the act of storing comprises storing,
the segmented content elements on a commercial off-the-
shelf (COTS) storage device.

In a second aspect of the invention, a system for the acqui-
sition and distribution of content 1n a content based network 1s
disclosed. In one embodiment, the system comprises: at least
one processing entity, the processing entity adapted to:
acquire content; and segment the acquired content; at least
one storage entity, the storage entity adapted to store the
segmented content; at least one local server entity, the server
entity adapted to: generate a content stream using at least
portions of the stored content; and distribute the content
stream via the network.

In one variant, the system further comprises one or more
on-demand servers, the on-demand servers adapted to receive
and transmit the content stream to at least one CPE associated
with the network.

In another variant, the system further comprises at leastone
content library, the content library adapted to: receive a
request for content from at least one CPE associated with the
network; and establish a mechanism for the delivery of the
requested content to the at least one CPE.

In another vanant, the mechanism for the delivery of the
requested content comprises the content library requesting,
the requested content from the at least one local server entity,
and delivering the requested content to the at least one CPE.

In another variant the mechanism for the delivery of the
requested content comprises the content library forwarding,
the request to at least one local server entity, and enabling the
at least one local server enfity to communicate with the at
least one CPE.

In still another variant the act of segmenting comprises
dividing the content stream at one or more I-frame bound-
aries.

In yet another variant, the act of generating a content
stream comprises at least assembling the segmented content
with one or more advertisement segments.

In st1ll yet another variant, the act of generating a content
stream further comprises transcoding the assembled content
and advertisement segments.

In still a further variant, the at least one local server entity
1s further adapted to generate metadata regarding the stored
content and wherein the one or more advertisement segments
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are selected based at least in part on a comparison of metadata
associated with the advertisement segments and metadata
regarding the stored content.

In another variant, the act of distributing the content stream
comprises sending the content stream to an on-demand
Server.

In still another variant, the act of distributing the content
stream comprises sending the content stream to at least one
CPE associated with the network.

In a third aspect of the mvention an apparatus for the
storage and distribution of content 1s disclosed. In one
embodiment, an apparatus for the storage and distribution of
content 1n an nPVR system of a content based network, the
apparatus comprises: an interface, the interface adapted to
enable the apparatus to recerve and distribute the content; a
storage entity, the storage entity adapted to store the content;
and a processing entity, the processing entity adapted to run at
least one computer program thereon, the computer program
adapted to enable the apparatus to generate a content stream
based at least in part on the content.

In one variant, the storage entity comprises one or more
commodity-based storage entities. The one or more commod-
ity-based storage entities comprise for example a hardware-
assisted Flash memory-based storage devices, or a DRAM
based server device.

In another variant, the content comprises content segments
which have been cut at I-frame boundaries. The act of gener-
ating the content stream comprises €.g., Joming the content
segments to advertisement segments.

In still another variant, the processing entity 1s further
adapted to run at least one software application configured to
transcode the joined content segments and advertisement seg-
ments. The processing entity may farther be adapted to run at
least one soltware application configured to generate meta-
data regarding the stored content and wherein the one or more
advertisement segments are selected based at least in part on
a comparison of metadata associated with the advertisement
segments and metadata regarding the stored content.

In yet another variant, the act of distributing the content
comprises sending the content to an on-demand server. The
act of distributing the content may comprise sending the
content to another apparatus for the storage and distribution
ol content.

In another variant, the act of distributing the content stream
comprises sending the content stream to at least one CPE
associated with the network.

In a fourth aspect of the mvention a computer readable
apparatus 1s disclosed. In one embodiment the computer read-
able apparatus comprises media adapted to contain a com-
puter program having a plurality of instructions, the plurality
of 1nstructions which, when executed: ingest a plurality of
content; process the content, the processing comprising at
least one step for segmenting the content; store the segmented
content; recetve a request for the stored content from a
requesting entity; generate a content stream based at least in
part on the segmented content; and send the content stream
the requesting entity.

In one variant, the act of segmenting comprises cutting the
content stream at one or more I-frame boundaries.

In another variant, the act of generating a content stream
comprises at least assembling the segmented content with one
or more advertisement segments.

In still another variant, the act of generating a content
stream further comprises transcoding the assembled content
and advertisement segments.

In st1ll another variant, the method further comprises gen-
erating metadata regarding the stored content and wherein the
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one or more advertisement segments are selected based at
least 1n part on a comparison of metadata associated with the
advertisement segments and metadata regarding the stored
content.

In a fifth aspect of the invention, a method for processing
content 1s disclosed. In one embodiment, the method com-
prises: acquiring the content from a segmentation process
directly to a file storage device, the storage device further
comprising an file server configured to export files from the
storage device to a distribution server; processing the content
to correct one or more deficiencies therein, the processing
creating corrected content segment files; and exporting at
least a portion of the corrected content storage files to the
distribution server.

In one variant, the acquiring to a file storage device com-
prises acquiring the content to a single server with a plurality
of storage elements, the storage elements comprising at least
one of: (1) FLASH memory; and (11) DRAM.

In another variant, the acquiring to a file storage device
comprises acquiring the content to a Storage Area Network
(SAN).

In a further varnant, the exporting comprises use of a com-
mon Internet file system (CIFS) protocol.

In still another variant, the processing to correct one or
more deficiencies comprises processing to correct imprecise
frame boundary segmentation performed by the segmenta-
tion process.

In a sixth aspect of the invention, a method of generating
content for distribution within a content-based network 1s
disclosed. In one embodiment, the network comprises a cable
television network, and the method comprises: acquiring a
single network content stream for service ol multiple adver-
tising zones within the network; storing content acquired via
the single content stream; marking the stored content with at
least one pointer; and creating a new file that has descriptors
that 1identity: (1) content elements within the stored content;
and (1) one or more advertisement files.

In one variant, the descriptors comprise pointers to content
storage elements provided from a supplier of the content.

In a second variant, the one or more advertisement files
comprise: (1) linear broadcast for a designated advertising
zone, or (11) a set of targeted advertisements.

In a seventh aspect of the mvention, a method of doing
business within a content based network 1s disclosed. In one
embodiment, the method comprises selectively using local
commodity-based mass storage for the storage of network

PVR content, the local storage allowing for both customiza-
tion of content streams delivered to users of the network and
reduction of cost of delivery of the content streams.

Other features and advantages of the present invention will
be immediately recognized by persons of ordinary skill in the
art with reference to the attached drawings and detailed
description of exemplary embodiments as given below.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1a 1s a functional block diagram illustrating an exem-
plary prior art VOD architecture usetul for providing nPVR
functionality.

FI1G. 15 1s a functional block diagram illustrating an exem-
plary prior art content and advertisement stream assembly
usetiul with the present invention.

FI1G. 2 1s a functional block diagram illustrating an exem-
plary HFC cable network configuration useful with the
present invention.
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FIG. 2a 1s a functional block diagram 1illustrating one
exemplary HFC cable network head-end configuration useful

with the present invention.

FIG. 26 1s a functional block diagram illustrating one
exemplary local service node configuration useful with the
present invention.

FIG. 2¢ 1s a tunctional block diagram illustrating one
exemplary broadcast switched architecture (BSA) network
usetul with the present invention.

FIG. 3a 1s a functional block diagram illustrating an exem-
plary network configuration for storing and retrieving content
in an nPVR model according to one embodiment of the
present invention.

FIG. 35 1s a functional block diagram illustrating another
exemplary network configuration for storing and retrieving
content 1n an nPVR model usetul with the present invention.

FI1G. 4 1s a functional block diagram 1llustrating yet another
exemplary network configuration for storing and retrieving
content 1n an nPVR model usetul with the present invention.

FIG. 5 1s a logical flow diagram illustrating one embodi-
ment ol the method of providing nPVR capabilities according
to the present invention.

FIG. 6 1s a functional block diagram 1llustrating an exem-
plary staging processor for use with the network configura-
tions of FIGS. 3a, 35 and 4.

FIG. 7 1s a functional block diagram illustrating an exem-
plary segmented content controller (SCC) for use with the
network configurations of FIGS. 3a, 36 and 4.

FIG. 7a illustrates exemplary basic structure of a catalog
entry according to one embodiment of the present invention.

FIG. 7b illustrates exemplary structure of a group catalog
entry according to one embodiment of the present invention.

FIG. 7c 1llustrates exemplary structure of an on-demand
menu catalog entry according to one embodiment of the
present invention.

FIG. 7d illustrates exemplary structure of an on-demand
selection catalog entry according to one embodiment of the
present invention.

FIG. 8 1s a functional block diagram illustrating one
embodiment of a CPE for use with the network configurations
given 1n FIGS. 3a, 36, and 4.

FIG. 8a 1s a logical flow diagram 1llustrating one embodi-
ment of the method of directing the download of content from
an on-demand server and/or from a segmented content con-
troller according to the present ivention.

FIG. 9a 1s a functional block diagram illustrating another
embodiment of a network configuration for storing and
retrieving content using an nPVR delivery model according
to the present mvention.

FIG. 956 1s a functional block diagram illustrating vyet
another exemplary network configuration for storing and
retrieving content in an nPVR system useful

FIG. 9¢ 1s a tunctional block diagram illustrating one
embodiment of a content library for use in the network con-
figurations of FIGS. 9 and 9a.

FIG. 10 1s logical flow diagram illustrating one embodi-
ment of the method of utilizing a content library 1n conjunc-
tion with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference 1s now made to the drawings wherein like
numerals refer to like parts throughout.

As used herein, the term “advertisement” and similar forms
refers without limitation to any audio, visual, or promotion,
message, or communication, whether for-profit or otherwise,
that 1s perceptible by a human. Examples of advertisements
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include so-called “bumper” advertisements (advertisements
inserted before or after a client requested program), “pause”
advertisements presented when a client sends a pause control
command to a video server or the like), or additional and
replacement advertisements.

As used herein, the term “application” refers generally to a
unit of executable software that implements a certain func-
tionality or theme. The themes of applications vary broadly
across any number of disciplines and functions (such as on-
demand content management, e-commerce transactions, bro-
kerage transactions, home entertainment, calculator etc.), and
one application may have more than one theme. The unit of
executable software generally runs in a predetermined envi-
ronment; for example, the unit could comprise a download-
able Java Xlet™ that runs within the Java™ environment. The
unit of executable soitware may further comprise any one of
specifications defining interactive television standards such
as e.g., €1V and eBIF.

As used herein, the terms “client device” and “‘end user
device” include, but are not limited to, set-top boxes (e.g.,
DSTBs), digital television sets, personal computers (PCs),
and minicomputers, whether desktop, laptop, or otherwise,
and mobile devices such as handheld computers, PDAs, per-
sonal media devices (PMDs, and smartphones.

As used herein, the term “codec” refers to an video, audio,
or other data coding and/or decoding algorithm, process or

apparatus 1ncluding, without limitation, those of the MPEG
(e.g., MPEG-1, MPEG-2, MPEG-4, efc.), Real (RealVideo,

etc.), AVCIH.264, AC-3 (audio), D1iVX, XViD/ViDX, Win-
dows Media Video (e.g., WMV 7, 8, or 9) ATI Video Codec
or VC-1 (SMPTE standard 421M) famailies.

As used herein, the term “computer program™ or “‘soft-
ware” 1s meant to include any sequence or human or machine
cognizable steps which perform a function. Such program
may be rendered 1n virtually any programming language or
environment 1ncluding, for example, C/C++, Fortran,
COBOL, PASCAL, assembly language, markup languages
(e.g., HIML, SGML, XML, VoXML), and the like, as well as
object-oriented environments such as the Common Object
Request Broker Architecture (CORBA), Java™ (including
I2ME, Java Beans, etc.) and the like.

The terms “Customer Premises Equipment (CPE)” and
“host device” refer without limitation to any type of elec-
tronic equipment located within a customer’s or user’s pre-
mises and connected to a network. The term “host device”
refers generally to a terminal device that has access to digital
television content via a satellite, cable, or terrestrial network.
The host device functionality may be integrated into a digital
television (DTV) set. The term “customer premises equip-
ment” (CPE) includes such electronic equipment such as
set-top boxes (e.g., DSTBs), televisions, cable modems
(CMs), embedded multimedia terminal adapters (eMTAs),
whether stand-alone or integrated with other devices, Digital
Video Recorders (DVR), gateway storage devices (Furnace),
and I'TV Personal Computers.

As used herein, the term “display” means any type of
device adapted to display information, including without
limitation CRTs, LCDs, TFTs, plasma displays, LEDs, incan-
descent and fluorescent devices. Display devices may also
include less dynamic devices such as, for example, printers,
e-1nk devices, and the like.

As used herein, the term “DOCSIS” refers to any of the
existing or planned variants of the Data Over Cable Services
Interface Specification, including for example DOCSIS ver-
sions 1.0, 1.1,2.0and 3.0. DOCSIS (version 1.0)1s a standard
and protocol for internet access using a “digital” cable net-

work. DOCSIS 1.1 1s interoperable with DOCSIS 1.0, and has
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data rate and latency guarantees (VoIP), as well as improved
security compared to DOCSIS 1.0. DOCSIS 2.0 1s interoper-
ablewith 1.0and 1.1, yetprovides a wider upstream band (6.4
MHz), as well as new modulation formats 1nclud111g TDMA
and CDMA. It also provides symmetric services (30 Mbps
upstream).

As used herein, the term “head-end” refers generally to a
networked system controlled by an operator (e.g., an MSO)
that distributes programming to MSO clientele using client
devices. Such programming may include any information
source/recerver including, inter alia, free-to-air TV channels,
pay TV channels, interactive TV, and the Internet. DSTBs
may take on any configuration, and can be retail devices
meaning that consumers may or may not obtain their DSTBs
from the MSO exclusively. Accordingly, it 1s anticipated that
MSO networks may have client devices from multiple ven-
dors, and these client devices will have widely varying hard-
ware capabilities. Multiple regional head-ends may be in the
same or different cities.

As used herein, the term “integrated circuit (IC)” refers to
any type of device having any level of integration (including
without limitation ULSI, VLSI, and LLSI) and 1rrespective of
process or base materials (including, without limitation 51,
S1Ge, CMOS and GaAs). ICs may include, for example,
memory devices (e.g., DRAM, SRAM, DDRAM, EEPROM/
Flash, ROM), digital processors, SoC devices, FPGAs,
ASICs, ADCs, DACs, transceivers, memory controllers, and
other devices, as well as any combinations thereof.

As used herein, the terms “Internet” and “internet” are used
interchangeably to refer to inter-networks including, without
limitation, the Internet.

As used herein, the terms “local” and “remote™ refer gen-
erally and without limitation to devices, entities, or users that
are serviced by substantially different communications chan-
nels. These terms are intended to be relative, and bear no
physical or absolute reference or connotation as to the place-
ment of the communication channels or the served device,
entities or users. For example, a “local” network may com-
prise the MSO cable or satellite network, whereas a “remote”
network may comprise the Internet or a LAN/WAN/MAN,
the latter which may serve the very same premises.

As used herein, the term “memory” includes any type of
integrated circuit or other storage device adapted for storing
digital data including, without limitation, ROM. PROM,
EEPROM, DRAM, SDRAM, DDR/2 SDRAM, EDO/FPMS,
RLDRAM, SRAM, “flash” memory (e.g., NAND/NOR), and
PSRAM.

As used herein, the terms “microprocessor” and “digital
processor’” are meant generally to imnclude all types of digital
processing devices including, without limitation, digital sig-
nal processors (DSPs), reduced instruction set computers
(RISC), general-purpose (CISC) processors, microproces-
sors, gate arrays (e.g., FPGAs), PLDs, reconfigurable com-
pute fabrics (RCFs), array processors, and application-spe-
cific integrated circuits (ASICs) Such digital processors may
be contained on a single unitary IC die, or distributed across
multiple components.

As used herein, the term “modem™ refers to any kind of
modulation or demodulation process or apparatus including
without limitation cable (e.g., DOCSIS compliant) modems,
DSL modems, analog modems, and so forth.

As used herein, the terms “MSO” or “multiple systems
operator” refer to a cable, satellite, or terrestrial network
provider having infrastructure required to deliver services
including programming and data over those mediums.

As used herein, the term “network agent” refers to any
network entity (whether software, firmware, and/or hardware
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based) adapted to perform one or more specific purposes. For
example, a network agent may comprise a computer program
running in server belonging to a network operator, which 1s in
communication with one or more processes on a CPE or other
device.

As used herein, the term “QAM” refers to modulation
schemes used for sending signals over cable networks Such
modulation scheme might use any constellation level (e.g.
QPSK, QAM-16, QAM-64, QAM-256 etc.) depending on
details of a cable network. A QAM may also refer to a physi-
cal channel modulated according to said schemes.

As used herein, the term “server” refers to any computer-
1zed component, system or entity regardless of form which 1s
adapted to provide data, files, applications, content, or other
services to one or more other devices or entities on a computer
network.

As used herein, the term “user interface” refers to, without
limitation, any visual graphical, tactile, audible, sensory, or
other means of providing information to and/or receiving
information from a user or other entity. A user interface may
comprise, for example, a computer screen display, touch
screen, speech recognition engine, text-to-speech (T1S)
algorithm, and so forth.

As used herein, the term “wireless” means any wireless

signal, data, communication, or other interface including
without limitation Wi-F1, Bluetooth, 3G, HSDPA/HSUPA,

TDMA, CDMA (e.g.,IS-95A, WCDMA, etc.), FHSS, DSSS,
GSM, PAN/802.15, WiMAX (802.16), 802.20, narrowband/
FDMA, OFDM, PCS/DCS, analog cellular, CDPD, satellite
systems, millimeter wave or microwave systems, acoustic,
and infrared (i.e., IrDA).

Overview

In one salient aspect, the present invention provides, inter
alia, improved apparatus and methods for the capture and
delivery of nPVR content delivered over a content-based
network. The capture and delivery of nPVR content 1n the
present invention includes capture and delivery of user-initi-
ated nPVR events (1.e., mnstances wherein a user requests to
have content recorded to a network personal video recorder),
as well as real-time MSO-mitiated nPVR events (i.e.,
instances wherein the MSO determines which content will be
recorded, 1n real time, to a network personal video recorder or
other recording device).

In one embodiment, the improved apparatus of the present
invention comprises: (1) one or more entities adapted to
accomplish various content processing operations, and (11) a
“local” server adapted to store processed content locally, as
well as to generate a metadata file regarding the stored content
and assemble the content intermixed with advertisements or
other secondary content. In one variant, the aforementioned
local server 1s also adapted to stream content directly to the
CPE of network users. Alternatively, the content may be
delivered to a VOD server (such as upon user request), and
sent from the VOD server to the users. The improved appa-
ratus of the mvention advantageously obviates the need for
excessive (and often unused) VOD storage, and facilitates
pre-streaming processing within the nPVR system.

In another embodiment, the apparatus of the invention also
comprises one or more content libraries adapted to facilitate
nPVR content access across one or more regions of a broad-
cast network. In one variant, a single content library is
adapted to facilitate the delivery of content stored on one
“local” server for transmission to other local servers of the
network. In another variant, multiple libraries are disposed
throughout the various regional networks, and optionally
connected to a national-level library or global management
entity.
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The improved methods and apparatus of the invention pro-
vide other significant benefits including: (1) reduced costs

associated with storage and streaming of content from VOD
servers (1.e., mstead of having to store large quantities of
content at a VOD server, the local server will store content
until requested); (1) enablement of pre-streaming processing,
steps to ensure quality of content streamed to customers (e.g.,
transcoding/transrating, and selective secondary content
isertion or modification without the use of a playlist at the
VOD server); and (111) significant improvements 1n reliability
and delivered video quality.

The apparatus and methods of the present mvention also
allow for a network operator (e.g., MSQO) to implement a
dynamic or appendable content playlist without requiring a
VOD vendor to make any of the desired changes, thereby
advantageously affording the network operator more control
and options with respect to playlist generation. The MSO can
for example create a desired playlist out of storage compo-
nents stored on 1ts local storage (versus VOD vendor storage),
and present this playlist as a virtual file or file pointer to the
vendor system (“video pump”) for playback.

Moreover the exemplary architectures of the present inven-
tion are not limited by the “push” capacity of the content
segmentation process.

Code changes or upgrades to the segmentation process are
also made possible by way of this architecture. Such updates
or changes can increase performance (e.g., by recording all
input directly to disk or other storage media, and then creating
the file structures and pointers on top of that storage). In other
words, the recording and segmenting process allows for easy
creation of virtual files which point to a collection of blocks
on disk storage. Once captured and accessible, different
pointers may be made and/or the files may be manipulated by
¢.g., manipulating boundaries, inserting advertisements, or
by posting capture control of the content. Additional process-
ing may include cataloging (using metadata), because the
content 1s no longer locked to what 1s stored, areas within the
content may be identified and processed if needed. Further-
more, different segments of the content may be accessed
(such as by facial recognition, pattern recognition, etc.) in
real-time such as by centrally capturing the segments to
cheaper disks. Other processing of the content may include
isertion of a custom code or descriptive data. The data may
be descriptive of the content by recognizing one or more
breaking points and mapping these 1.e., by taking signal defi-
nitions and embedding them. In another aspect of the inven-
tion, discontinuity between the segments may be “cleaned
up” 1n real time, as the content 1s acquired.

Methods and apparatus for dynamic secondary content
isertion (e.g., replacement of dated or geographically 1nap-
propriate advertisements or promotions, or msertion of tar-
geted content) are also described.

An operational and business rules “engine” useful 1n
implementing various operational or business goals 1s also
disclosed, as well as various business methods which lever-
age the foregoing apparatus and capabilities.

DETAILED DESCRIPTION OF
EMBODIMENTS

EXEMPLARY

Exemplary embodiments of the apparatus and methods of
the present mvention are now described 1n detail. While these
exemplary embodiments are described 1n the context of the
alorementioned hybrid fiber coax (HFC) cable architecture
having an multiple systems operator (MSQO), digital network-
ing capability, and plurality of client devices/CPE, the general
principles and advantages of the invention may be extended to
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other types of networks and architectures where bandwidth
allocation 1s required or desirable, whether broadband, nar-
rowband, wired or wireless, content or data, or otherwise.
Hence, the following description 1s merely exemplary in
nature. For example, the invention may be practiced over a
fiber-to-the-home (FTTH) or fiber-to-the-curb (FTTC) sys-
tem, or over a satellite or millimeter wave-based network.

It will also be appreciated that while described generally in
the context of anetwork providing service to a consumer (1.€.,
home) end user domain, the present invention may be readily
adapted to other types of environments including, e.g., com-
mercial/enterprise, and government/military applications.
Myriad other applications are possible.

It 1s also noted that while aspects of the invention are
described primarily 1n the context of 6 MHz RF channels
within the HFC network, the present invention is applicable to
any Irequency/bandwidth, such as for example 8 MHz chan-
nels.

Further, while generally described in terms of content
delivery over discrete QAMs or channels, relevant portions of
the invention can be used 1n conjunction with multiplexing,
algorithm and wideband tuner apparatus such as that
described 1n co-owned and co-pending U.S. patent applica-
tion Ser. No. 11/013,671 filed Dec. 15, 2004, and entitled
“Method and Apparatus for Wideband Distribution of Con-
tent” which 1s incorporated herein by reference 1n its entirety.

Also, while certain aspects are described primarily 1n the
context of the well-known Internet Protocol (described 1n,
inter alia, RFC 791 and 2460), 1t will be appreciated that the
present invention may utilize other types of protocols (and in
fact bearer networks to include other internets and intranets)
to implement the described functionality.

Network Architecture—

FI1G. 2 illustrates a typical generalized content-based net-
work configuration with which the improved nPVR apparatus
and methods of the present invention may be used. The vari-
ous components of the network 200 include (1) one or more
data and application origination points 202; (11) one or more
content sources 103, (111) one or more application distribution
servers 204; (1v) one or more VOD servers 105, and (v)
consumer premises equipment (CPE) 106. The distribution
server(s) 204, VOD servers 105 and CPE(s) 106 are con-
nected via a bearer (e.g., HFC) network 101. A simple archi-
tecture comprising one of each of the alorementioned com-
ponents 202, 204, 105, 106 1s shown 1n FIG. 2 for simplicity,
although 1t will be recognized that comparable architectures
with multiple origination points, distribution servers, VOD
servers, and/or CPE devices (as well as different network
topologies) may be utilized consistent with the invention. For
example, the headend architecture of FIG. 2a (described 1n
greater detail below) may be used.

Furthermore, as discussed 1n greater detail subsequently
herein, the generalized network of FIG. 2 also includes one or
more iterfaces to other (e.g., external) networks that can be
used for various functions.

The data/application origination point 202 comprises any
medium that allows data and/or applications (such as a VOD-
based application, gaming application, or “Watch TV” appli-
cation) to be transierred to a distribution server 104. This can
include for example a third party data source, application
vendor website, CD-ROM, external network interface, mass
storage device (e.g., RAID system), etc. Such transference
may be automatic, mitiated upon the occurrence of one or
more specified events (such as the receipt of a request packet
or ACK), performed manually, or accomplished 1n any num-
ber of other modes readily recognized by those of ordinary

skill.
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The application distribution server 104 comprises a com-
puter system where such applications can enter the network
system. Distribution servers are well known 1n the network-
ing arts, and accordingly not described further herein.

The VOD server 105 comprises a computer system where
on-demand content can be recerved from one or more of the
alorementioned data sources 202 and enter the network sys-
tem. These servers may generate the content locally, or alter-
natrvely act as a gateway or intermediary from a distant
source.

The CPE 106 includes any equipment 1n the “customers’
premises’ (or other locations, whether local or remote to the
servers 204, 105) that can be accessed by a distribution server
204 or VOD server 105. Exemplary embodiments of a “con-
verged” CPE (1.e., CD) of the invention are also described
subsequently herein.

Referring now to FIG. 2a, one exemplary embodiment of

headend architecture useful with the present imvention 1s
described. As shown 1n FIG. 2a, the headend architecture 250
comprises typical headend components and services includ-
ing billing module 252, subscriber management system
(SMS) and CPE configuration management module 2354,
cable-modem termination system (CMTS) and OOB system
256, as well as LAN(s) 258, 260 placing the various compo-
nents 1 data communication with one another. It will be
appreciated that while a bar or bus LAN topology 1s 1llus-
trated, any number of other arrangements as previously ref-
erenced (e.g., ring, star, etc.) may be used consistent with the
invention. It will also be appreciated that the headend con-
figuration depicted 1n F1G. 2a 1s high-level, conceptual archi-
tecture and that each MSO may have multiple headends
deployed using custom architectures.

The architecture 250 of FIG. 2a further includes a multi-
plexer/encrypter/modulator (MEM) 262 coupled to the HFC
network 101 adapted to “condition” content for transmission
over the network. The distribution servers 204 are coupled to
the LAN 260, which provides access to the MEM 262 and
network 101 via one or more file servers 270. The VOD
servers 105 are coupled to the LAN 260 as well, although
other architectures may be employed (such as for example
where the VOD servers are associated with a core SWltChJIlg
device such as an 802.3z Gigabit Ethernet device). As previ-
ously described, information 1s carried across multiple chan-
nels. Thus, the headend must be adapted to acquire the 1infor-
mation for the carried channels from wvarious sources.
Typically, the channels being delivered from the headend 250
to the CPE 106 (“downstream™) are multiplexed together in
the headend and sent to neighborhood hubs (FIG. 2b6) via a
variety of iterposed network components.

It will also be recognized, however, that the multiplexing
operation(s) need not necessarily occur at the headend 250
(e.g., 1n the aforementioned MEM 262). For example, 1n one
variant, at least a portion of the multiplexing 1s conducted at
a BSA switching node or hub (see discussion of FIG. 2¢
provided subsequently herein). As vet another alternative, a
multi-location or multi-stage approach can be used, such as
that described 1n U.S. patent application Ser. No. 11/048,334,
filed Feb. 1, 2005 and entitled “Apparatus and Methods for
Multi-Stage Multiplexing in a Network™ incorporated herein
by reference 1n 1ts entirety, which discloses inter alia
improved multiplexing apparatus and methods that allow
such systems to dynamically compensate for content (e.g.,
advertisements, promotions, or other programs) that is
inserted at a downstream network node such as a local hub, as
well as “feed-back™ and “feed-forward” mechanisms for
transferring information between multiplexing stages.
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Content (e.g., audio, video, data, applications, etc.) 1s pro-
vided in each downstream (1n-band) channel associated with
the relevant service group. To communicate with the headend

or intermediary node (e.g., hub server), the CPE 106 may use
the out-of-band (OOB) or DOCSIS channels and associated

protocols. The OCAP 1.0, 2.0, 3.0 (and subsequent) specifi-
cation provides for exemplary networking protocols both
downstream and upstream, although the invention is 1 no
way limited to these approaches.

It will also be recognized that the multiple servers (broad-
cast, VOD, or otherwise) can be used, and disposed at two or
more different locations if desired, such as being part of
different server “farms”. These multiple servers can be used
to feed one service group, or alternatively different service
groups. In a simple architecture, a single server1s used to teed
one or more service groups. In another variant, multiple serv-
ers located at the same location are used to feed one or more
service groups. In yet another variant, multiple servers dis-
posed at different location are used to feed one or more
SErvice groups.

As shown 1n FIG. 25, the network 101 of FIGS. 2 and 2a
comprises a fiber/coax arrangement wherein the output of the
MEM 262 of FIG. 2a 1s transierred to the optical domain
(such as via an optical transceiwver 277 at the headend or
turther downstream). The optical domain signals are then
distributed to a fiber node 178, which further distributes the
signals over a distribution network 280 to a plurality of local
servicing nodes 282. This provides an effective 1:N expan-
s1on of the network at the local service end.

“Switched” Networks—

FI1G. 2c¢ illustrates an exemplary “switched” network archi-
tecture also useful with the improved nPVR apparatus and
methods of the present invention; 1.¢., to deliver content via a
broadcast. While a so-called *“broadcast switched architec-
ture” or BSA network 1s 1llustrated 1n this exemplary embodi-
ment 1t will be recognized that the present invention 1s 1n no
way limited to such architectures.

Switching architectures allow i1mproved elliciency of
bandwidth use for ordinary digital broadcast programs. Ide-
ally, the subscriber will be unaware of any difference between
programs delivered using a switched network and ordinary
streaming broadcast delivery.

FIG. 2¢ shows the implementation details of one exem-
plary embodiment of this broadcast switched network archi-
tecture. Specifically, the headend 250 contains switched
broadcast control and media path functions 290, 292; these
clement cooperating to control and feed, respectively, down-
stream or edge switching devices 294 at the hub site which are
used to selectively switch broadcast streams to various ser-
vice groups. A BSA server 296 1s also typically disposed at
the hub site, and implements functions related to switching,
and bandwidth conservation (1n conjunction with a manage-
ment entity 298 disposed at the headend). An optical transport
ring 297 1s utilized to distribute the dense wave-division
multiplexed (DWDM) optical signals to each hub in an effi-
cient fashion.

Co-owned U.S. patent application Ser. No. 09/956,688
filed Sep. 20, 2001, 1ssued as U.S. Pat. No. 8,713,623 on Apr.
29, 2014, and entitled “Technique For Effectively Providing
Program Matenal In A Cable Television System”, incorpo-
rated herein by reference 1n 1ts entirety, describes one exem-
plary broadcast switched digital architecture useful with the
present invention, although it will be recognized by those of
ordinary skill that other approaches and architectures may be
substituted.

In one embodiment, the aforementioned broadcast
switched digital architecture may be used in conjunction with
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the nPVR mechanisms discussed herein to provide a group or
unicast streams to subscribers along with targeted advertise-
ments.

In addition to broadcast or on-demand content (e.g., video
programming), the systems of FIGS. 2-2b can also deliver
Internet data services using the Internet protocol (IP),
although other protocols and transport mechanisms of the
type well known 1n the digital communication art may be
substituted. One exemplary delivery paradigm comprises
delivering MPEG-based video content (e.g., “IPTV” or the
like), with the video transported to user PCs (or IP-based
STBs) over the atorementioned DOCSIS channels compris-
ing MPEG (or other video codee such as H.264 or AVC) over
IP over MPEG. That 1s, the higher layer MPEG- or other
encoded content 1s encapsulated using an IP protocol, which
then utilizes an MPEG packetization of the type well known
in the art for delivery over the RF channels. In this fashion, a
parallel delivery mode to the normal broadcast delivery
exists; 1.e., delivery of video content both over traditional
downstream QAMSs to the tuner of the user’s STB or other
receiver device for viewing on the television, and also as
packetized IP data over the DOCSIS QAMSs to the user’s PC
or other IP-enabled device via the user’s cable or other
modem.

The IP packets associated with Internet services are
received by an edge switch (not shown), and forwarded to the
cable modem termination system (CMTS). The CMTS exam-
ines the packets, and forwards packets intended for the local
network to the edge switch. Other packets are discarded or
routed to another component.

The edge switch forwards the packets receive from the
CMTS to the QAM modulator, which transmits the packets
on one or more physical (QAM-modulated RF) channels to
the CPEs (or CD). The IP packets are typically transmitted on
RF channels that are different that the RF channels used for
the broadcast video and audio programming, although this 1s
not a requirement. The CPE 106 are each configured to moni-
tor the particular assigned RF channel (such as via a port or
socket ID/address, or other such mechanism) for IP packets
intended for the subscriber premises/address that they serve.
nPVR System Utilizing VOD Servers—

Referring now to FIG. 3a, one exemplary embodiment of
an improved system 3035 for storing and retrieving nPVR
content 1s 1llustrated. It 1s noted that the apparatus, systems
and methods described below are useful in providing storage
and access to user-initiated nPVR content, as well as 1n pro-
viding storage and access to MSO-1mtiated nPVR content.
Storage and access of MSO-1nitiated nPVR content enables a
user to access content simultaneous to the content’s broad-
cast, and to start the program over from the beginning after 1t
has begun without the user having previously recorded the
content (e.g., “start-over” functionality).

As shown, the system of FIG. 3a comprises at least one
content source 103 providing content to the MSO. The con-
tent 1s presented to various network entities. Specifically, at
least one mechanism 1s established for providing content
directly to the user 1n accordance with a schedule (not
shown); such mechanmism 1s well known 1n the art and thus
will not be discussed 1n further detail herein. Content which 1s
tagged, either by a user-initiated or an MSO-1mtiated nPVR
request, 1s provided to one or more staging processors 302
simultaneous to 1ts broadcast.

As noted previously with respect to the prior art configu-
ration of FIGS. 1a-1b, a staging processor 1s an entity adapted
to condition content for display to a user. The staging proces-
sor 302 used 1n the present embodiment will be discussed 1n
greater detail below, and generally prepares the content by
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utilizing various staging processes, which comprise software
applications running on the digital processor associated with
the staging processor 302. A segmenting process 104 1s
among the staging processes of the staging processor 302 and
generally functions to segment content at I-frames according
to a schedule. It 1s appreciated that the segmenting process
104 may comprise one or more software applications run on
the staging processor 302, or on a separate headend or non-
headend entity, or on the digital processor of any of the
alforementioned headend entities.

Once the content has been approprately spliced, the seg-
menting process 104 or the staging processor 302, 11 segment-
ing occurs thereon, transmits the segmented content to a
segmented content controller (SCC) 303. The SCC 303 will
be discussed 1n greater detail below, and generally 1s adapted
to store, process, and assemble the segmented content. It 1s
noted that in the present embodiment, the SCC 303 comprises
a scalable Flash-based or RAM-based server entity.

As 1indicated, SCC 303 1s adapted to store the segmented
content recerved. Specifically, the content 1s stored to a local
storage enftity 301. The local storage entity 301 1n thas
embodiment comprises a commodity-based local disk stor-
age of the type well known 1n the field, although other storage
media may be used. Storage of content to the local storage
entity 301 greatly reduces the amount of content directed to
the VOD servers (or other servers), as will be discussed below.
It 1s appreciated that in one embodiment, the local storage
entity 301 may comprise a separate entity 1n data communi-
cation with the SCC 303 and/or the staging processor 302,
such as via an interposed bus, LAN, or wireless network.

It 1s also noted that the staging processor 302 and/or the
segmenting process 104 may be of the type described 1n
co-owned U.S. patent application Ser. No. 10/860,969 filed
Jun. 2, 2004, 1ssued as U.S. Pat. No. 8,392,952 on Mar. 3,
2013 and entitled “Programming content processing and
management system and method”, incorporated by reference
herein 1n its entirety. Other approaches may be used with
equal success as well.

When a request for content 1s made by a CPE 106 (such as
via an upstream SSP or LSCP command), the request 1s sent

to the SCC 303. The SCC 303 then assembles the content

segments 1n a manner similar to that discussed above with
respect to FI1G. 1a.

Once the segments are assembled, the SCC 303 pushes the
assembled content to the VOD server 105 (such as via a File
Transier Protocol or F'TP “push” of the type well known 1n the
networking arts) which, in turn, provides 1t to the CPE 106.
Other technologies may be used for this purpose as well,
including for example network attached storage such as CIFS
(Common Internet File System), SAMBA (e.g., SAMBA
3.2), etc. It1s also appreciated that in another embodiment, the
VOD server 105 may be adapted to pull the assembled content
from the SCC 303 upon CPE 106 request. Therefore, content
1s sent to the VOD server 105 only when requested, thereby
mimmizing the amount of unnecessary VOD server 105 stor-
age. Further, the present invention advantageously incorpo-
rates dynamic secondary content (e.g., advertisement) nser-
tion and other processing prior to delivery of the content
stream to the VOD server 105, thus eliminating the require-
ment of the VOD server 105 to utilize a dynamic playlist, and
jump around between segments of the content and advertise-
ments.

It 1s noted that the 1llustration of FIG. 3a 1s merely exem-
plary in nature, and that alternate configurations having a
greater number of the abovementioned components (and/or
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having one or more components with multiple functionality)
discussed above may be utilized consistent with the present
invention.

In an alternative embodiment illustrated in FIG. 35, the
SCC 303 1s adapted to send processed and segmented content
to an alternative on-demand server 304. The alternative on-
demand server 304 may comprise a tlash-based on-demand
(FOD) server. In the present context, the FOD server com-
prises an on-demand server similar to the VOD server 1035
discussed above—however, the FOD server stores content in
flash memory (rather than SCSI disks of the type described
above), and uses hardware-assisted streaming. As 1s well
known, tlash memory (e.g., NAND flash) 1s extremely effi-
cient at data storage, and provides such capability at a com-
paratively low cost relative to SCSI hard drnive or other such
approaches. Such devices also provide a very high level of
streaming capability, and hence produce a very low cost-per-
bit as compared to prior art (e.g., SCSI) drives. In one embodi-
ment, the FOD server comprises an Orbit 2x Streaming
Server device manufactured by Edgeware of Stockholm,
Sweden. Alternatively, the server may comprise any off-the-
shell server such as those manufactured by HP, IBM, eftc.

The exemplary FOD server may also utilize content propa-
gation techniques to ensure that popular (1.e., frequently
requested) content 1s always immediately available, and that
less popular content 1s also available relatively quickly (but
with greater latency). One technique for ensuring the above
functionality 1s to utilize a content library coupled with place-
ment of the “popular” content at one or more edge servers;
less popular content 1s disposed at one or more remote storage
sites. When a request 1s made for the popular content, 1t will
be accessed from the edge servers immediately. If a request
for content that 1s not in the local memory (edge server) 1s
made, the FOD server will start delivery of a copy of the
content from the storage (remote) server, such as via FTP (file
transier protocol) over a TCP/IP (Internet or LAN) channel,
or some other protocol/channel of sutficient bandwidth. Since
the popularity changes, the aforementioned edge storage
must be continuously updated, using e.g., a dynamic distri-
bution method wherein content elements are “swapped out”
for others as the popularity of each varies over time.

Alternatively, the on-demand server of the embodiment of

FIG. 36 may comprise a RAM-based on-demand (ROD)
server, or DRAM-based on-demand (DROD) server. The
ROD server comprises an on-demand server which stores
content mn RAM (random access memory);, similarly, a
DROD server 1s an on-demand server which stores content 1n
a dynamic RAM (DRAM) memory. In one embodiment, the
exemplary ROD server or DROD server comprises a
Motorola B-1 Video Server with an optional SeaChange
Axiom Core 4.0 software suite, although other devices and/or
software may be used with equal success.

Exemplary methods by which content 1s streamed to a user
in the exemplary improved nPVR systems of FIGS. 3a and 35
will be described 1n detail below.
nPVR System Bypassing VOD Servers—

Referring now to FI1G. 4, another exemplary apparatus 400
for storing and retrieving content 1n an nPVR model 1s 1llus-
trated. As with other embodiments, the apparatus of FIG. 4
may be utilized in order to enable the various forms of nPVR
functionality discussed above (e.g., user-mitiated and MSO-
initiated nPVR).

As 1s 1llustrated, the embodiment of FIG. 4 utilizes many of
the aforementioned components and software processes dis-
cussed above, including one or more content sources 103, a
staging processor 302 (having at least a segmenting function

104), and an SCC 303. The staging processor 302 and seg-
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menting function 104 1n one embodiment are of the type
described in previously referenced co-owned and co-pending

U.S. patent application Ser. No. 10/860,969.

Further, 1t 1s noted that alternative configurations having,
more than one of the given components and/or having com-
ponents which perform more than one of the abovementioned

functionalities may also be used 1n accordance with the mven-
tion.

In the embodiment of FIG. 4, content from one or more
content sources 103 1s recerved and routed to a staging pro-
cessor 302. The staging processor 302 prepares the content
via one or more staging processes or applications associated
therewith. A segmenting process 104 1s among the staging,
applications, and functions to segment the content at appro-
priate I-frames according to a schedule. The staging proces-
sor 302 and segmenting process 104 will be discussed 1n
greater detail below. The segmented content 1s then transmiut-
ted to the SCC 303 for storage and processing.

The apparatus 400 of the embodiment of FIG. 4 bypasses
the VOD server 105 or other on-demand servers 304 utilized
in the embodiments of FIGS. 3a-354. In other words, after the
content 1s segmented and processed, the content 1s stored at
the SCC 303, and 1s not passed to a VOD server 105 or other
on-demand server 304. Rather, according to the embodiment
of FIG. 4, the SCC 303 1s further adapted to, upon user
request, assemble and stream requested content to one or
more application distribution servers 204 1n the network 101.
Thus, 1t 1s appreciated that 1n this embodiment, the SCC 303
comprises a scalable FLASH-based or RAM-based server
entity adapted to both store and stream content. The applica-
tion distribution servers 104 then deliver the content to the
requesting user’s CPE 106. In one embodiment, the applica-
tion distribution server 104 may be of the type described in
co-owned, co-pending U.S. patent application Ser. No.
10/263,015, entitled “Program guide and reservation system
for network based digital information and entertainment stor-
age and delivery system™ and filed Oct. 2, 2002, which 1ssued
as U.S. Pat. No. 7,908,826 on Mar. 15, 2011 and 1s incorpo-
rated herein by reference 1n 1ts entirety.

Methodology—

Referring now to FIG. 5, one exemplary embodiment of the
methodology 500 of providing nPVR capabilities for both
user-initiated and MSO-1nitiated nPVR 1s described. It will be
recognized that the steps shown 1n the embodiment of FI1G. 5
are high-level logical steps applicable to any of the aforemen-
tioned nPVR architectures (e.g., FIGS. 3a,3b, and 4), and are
not itended to require or imply any specific process flow that
may occur within particular implementations of the method.
In practical embodiments, some of these steps (or sub-steps
within each step) may be implemented 1n parallel, on differ-
ent hardware platforms or software environments, performed
iteratively, and so forth.

In the first step 502 of the method 500, data 1n the form of,
¢.g., one or more data files or structures 1s brought onto or
“ingested” a head-end entity, such as by executing the appro-
priate communication protocol between the source of data
and a head-end entity. The headend entity may comprise, inter
alia, a staging processor 302 as discussed above. Alterna-
tively, other headend entities may be utilized for initial stor-
age of content and/or data as 1t 1s 1ngested into the system.
Such ingestion of data and the supporting protocols to accom-
plish this function are well known 1n the art, and accordingly
not described further herein. As used herein, the terms ““data
files” and “data structures” refer generally to literally any
organized form or assembly of binary or other data such as,
without limitation, binary executable files, graphics or audio
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files (compressed or otherwise), encryption-related files,
“zipped” files, video files (e.g., AVIs or MPEGs), etc.

Per step 504, the ingested data 1s then processed. Process-
Ing may occur on various entities including, inter alia, a
staging processor 302. As will be discussed 1n greater detail
below, the staging processor 302 may comprise one or more
soltware applications working 1n concert to perform various
processing steps. Among the processing steps occurring at
step 504 1s a segmenting process 104 which segments the
content at I-frame boundaries. Other processing steps and/or
the segmenting process 104 may occur at entities separate
from the staging processor 302 as well.

Processing may include code changes or upgrades to
increase performance. For example, all content may be
recorded directly to a disk or other storage media and then a
file having pointers to particular locations in the content may
be created and stored therewith. The files point to a collection
of blocks on disk storage which may assist in manipulation of
the content thereon. In one example, boundaries may be
mampulated, advertisements may be 1nserted (as will be dis-
cussed 1n detail below), and/or capture control of the content
may be posted. Further, the content may be cataloged for
tuture 1dentification and processing; different segments of the
content may then be accessed in real-time (such as by facial
recognition, pattern recognition, etc.). Other processing of
the content may include msertion of a custom code or descrip-
tive data. The data may be descriptive of the content by
recognizing one or more breaking points and mapping these
1.€., by taking signal definitions and embedding them.

Processing may further include removing discontinuity
between segments of the content in real time, 1.¢., as the
content1s acquired. For example, one or more algorithms may
be used to i1dentily and remove blocks or flickers or other
damaged areas.

The processed content 1s then stored (step 506). Storage
may occur on the local storage entity 300 of the SCC 303.
Alternatively, 1t 1s appreciated that the storage entity 300 may
comprise a separate entity than the SCC 303 which i1s in data
communication with the SCC and the staging processor.

At step 508, a catalog entry 1s optionally created for the
loaded data file(s). In the embodiments of FIGS. 3a, 35, and
4, the catalog entry will be generated by the SCC 303. The
catalog entry 1s then sent to the user’s CPE 106. This action 1s
performed so that user CPE 106 can be made aware of the
availability of the data file(s). This can be accomplished via,
¢.g., a navigator application implemented on the CPE 106, or
some other user mterface (Ul) mechanism including
on-screen alerts, audible signals, periodic or regularly sched-
uled status functions, etc.

The user may then select among the presented catalog
entries at step 510. Alternatively, the user may request content
via other mechamsms (e.g., without having the catalog entries
presented to the client). A clientrequest (either selection from
a listing of catalog entries or otherwise) then triggers the SCC
303 to form an assembled content stream from the previously
segmented content (step 512).

The stream formation of step 512 above comprises pro-
cessing the data file(s) or other structures into a format or
protocol suitable for transmission over the cable network
(“stream formation”). For example, the data maybe formatted
according to the well-known MPEG (e.g., MPEG2) packet
data format such that the resulting data packets are effectively
indistinguishable to the network infrastructure from other
(1.e., content) packets. In the exemplary embodiments pre-
sented above, stream formation occurs at the SCC 303. Sec-
ondary content (e.g., advertisement) insertion and transcod-
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ing or transrating may also occur at step 312; each of which
will be discussed 1n detail below.

It will be appreciated that in various embodiments, the
storage, cataloging and stream formation processes (steps
506, 508, 512 respectively) may be implemented concur-
rently, serially, or 1n another implementation-specific order as
required.

At step 514, the assembled content stream 1s sent to an
intermediary entity. In the embodiment of FIG. 4, a down-
stream data tlow 1s established (typically involving allocation
of server, network and client resources) thereby enabling the

data stream to be sent from the SCC 303 to the CPE 106 (step

516) via, for example, a network 101 application server 104
(as the intermediary entity). Alternatively, in the embodi-
ments of FIGS. 34 and 354, the assembled data stream 1s first
sent to an on-demand server (either VOD server 105 or other
on-demand server 304) at step 514, and the on-demand server
establishes a connection (session) to the CPE 106 and sends
the data stream thereto (step 516).

As noted previously, in the 1instance where a user requests
MSO-1itiated nPVR content (e.g., content that has begun
broadcast 1n real time when the user joins the program), the
various content segments will lag behind the actual real time
broadcast. Accordingly, as time progresses, additional con-
tent segments may be routed through the staging process 302
(including segmenting process 104) and SCC 303 after a first
segment or segments have been assembled (step 512 ) and sent
on to the user (step 516). Thus, at step 518, the system will
determine whether more content segments are available, 11 so,
the content streams are formed and sent through an interme-
diary to the CPE 1n a manner similar to that described above.

Depending on the configuration, a user may be able to
utilize one or more “trick mode” functions when viewing
nPVR content. In the real-time nPVR system, the use of the
“rewind” trick mode will cause playback of assembled con-
tent from the VOD server 105 (or alternatively from the SCC
303) and, the use of the “fast forward” trick mode will cause
the system to Jump to portions of the assembled content
segments which have been sent to the VOD server 105. It 1s
possible that a user, when using the “fast forward” trick mode

may fast forward to a point 1n the content which has not been
routed through the SCC 303 and/or VOD server 105, 1.¢., the
user “catches up” to the regular broadcast. When this occurs,
the user may be directed to the current broadcast of the
requested program. Alternatively, when this occurs, the user
may be returned to 1x play mode (1.e., no longer fast forward)
at a position near live.

It 1s appreciated that the present system may incorporate an
optional feedback mechanism, whereby the system will gain
information regarding the data tflow to the requesting CPE
106. Based on the feedback obtained, some characteristics of
the stream (e.g. transmission rate, encoding, multiplexing
parameters, etc.) may be modified, and/or retransmissions of
the data may take place 1n order to overcome any transmission
CITOors.

According to one exemplary protocol, the data transmis-
s1on 1s conducted, and the software process at the head-end
server (or other transmitting location) also monitors retrans-
mission requests to evaluate their frequency, etc. 1 order to
determine a transmission “efliciency”. For example, 11 trans-
mission of a given data file at Rate A results in requests that
50% of the transmitted packets be re-transmitted (50% eili-
ciency), then the server software process may reduce the rate
by a predetermined or dynamically determined amount, to
Rate B (B<A), measure efficiency, and adjust again 11 needed.
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Similarly, where Rate A produces no errors (100% eili-
ciency), the rate can be incrementally increased until effi-
ciency begins to drop, or another criterion (such as maximum
channel rate) 1s reached.

Staging Processor and Associated Applications—

An exemplary staging processor 302 for use with the sys-
tems of FIGS. 3a, 35 and 4 1s illustrated 1in the block diagram
of FIG. 6. As shown, the staging processor 302 comprises
storage device(s) 604, a digital processor(s) 602 and a plural-
ity of interfaces 606 for connection to other devices 1n the
network 101. The interfaces 606 also permit use of the staging
processor with other network apparatus such as LANs, rout-
ers and other packet network devices, network management
and provisioning systems, local PCs, etc.

The (mass) storage device 604 of the staging processor 302
1s adapted to store a plurality of content recerved from one or
more content sources as 1t 1s recerved. The storage device 604
may also be adapted to temporarily store the content between
staging processes and/or after all staging processes have com-
pleted.

As 1llustrated, the staging processor 302 further comprises
a digital processor 602. In one embodiment, the digital pro-
cessor 602 15 adapted to run (and optionally store 1n program
memory) a segmenting process 104 thereon. The segmenting
process 104 may be of the type described above, and will
generally comprise one or more computer programs running
on the digital processor 602 and adapted to perform various
processing steps.

A segmenting process 104 may be among the processing
steps performed by the staging processor 302. The segment-
ing process 104 generally functions to segment content at
I-frames according to a schedule. It 1s appreciated that the
segmenting process 104 may comprise one or more software
applications run on the staging processor 302, or, alterna-
tively, may be located elsewhere (such as on a separate hea-
dend or non-headend entity).

Other components which may be utilized within the stag-
ing processor 302 include amplifiers, board level electronic
components, as well as media processors and other special-
1zed SoC or ASIC devices. Support for various processing
layers and protocols (e.g., TCP/IP, 802.3, DHCP, SNMP,
H.323/RTP/RTCP, VoIP, SIP, LSCP, etc.) may also be pro-
vided as required. Where the content server 1s also acting 1n a
local network capacity (e.g., as a VOD or application server),
an appropriate application 1s also disposed to run on the server
module to provide a functional interface for e.g., VOD session
requests received from the LCD or other interposed entities.
These additional components and functionalities are well
known to those of ordinary skill in the cable and embedded
system fields, and accordingly not described further herein.

It 1s also noted that, the staging processor 302 may take any
number of physical forms, comprising for example one of a
plurality of discrete modules or cards within a larger network
headend or edge device of the type well known 1n the art. The
staging processor 302 may also comprise firmware, either
alone or 1n combination with other hardware/software com-
ponents such as those previously described (e.g., disposed in
the aforementioned edge device). The staging processor may
even include 1ts own RF front end (e.g., modulators, encryp-
tors, etc.) or optical interface so as to interface directly with
various portions of the HFC network 101 11 desired. Numer-
ous other configurations may be used. The staging processor
302 may also be integrated with other types of components
(such as satellite transceivers, encoders/decoders, etc.) and
form factors 11 desired.

It 1s also appreciated that the methods of the present inven-
tion may be practiced using any configuration or combination
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of hardware, firmware, or software, and may be disposed
within one or any number of different physical or logical
entities. For example, any required conditioning of the con-
tent before delivery (such as the inclusion of watermarking or
other data, encryption, generation of encryption key pairs
and/or challenges, and so forth) may take the form of one or
more computer programs running on a single device disposed
within the network, such as at a headend, node, or hub.

As yet another example, portions of the content distribu-
tion functionality may be rendered as a dedicated or applica-
tion specific IC (ASIC) or DSP having code runming thereon.
For example, a security processor of the type well known 1n
the art can be used to implement encryption algorithms on the
delivered content, and/or to perform key pair generation and
the hike. Myriad different configurations for practicing the
invention will be recognized by those of ordinary skill in the
network arts provided the present disclosure.

The staging processor 302 operation can also be masked or
controlled by a “business rules” engine” or other logical
wrapper or layer as described subsequently herein.

The exemplary configuration of the staging processor 302
of the present invention comprises one or more applications
adapted to enable the processor 202 to ingest content from
one or more content sources 103. As used herein, the term
“ingestion” refers generally to the process by which a datafile
or other data structure 1s transferred or loaded onto another
entity, such as for example a staging processor 302. This
ingestion may be accomplished by using approprate wireline
or wireless interfaces for the data (and any associated meta-
data or other data structures associated therewith).

The details or particular implementation of the syntax used
for the ingestion process may be maintained consistent, or
alternatively vary, from network to network. For example, 1n
cable networks that implement the aforementioned ISA
architecture, such data transfer 1s performed 1n accordance
with the CableLabs® Asset Distribution Interface (ADI)
Specification, Version 1.1, MD-SP-ADI1.1-103-040107,
dated Jan. 7, 2004, which 1s incorporated herein by reference
in 1ts entirety, although 1t will be appreciated that compliance
with this specification 1s 1n no way a requirement in practicing,
the invention disclosed herein. For such ADI-compliant cable
networks, the ingestion process relies on valid Asset Distri-
bution Interface (ADI)-compliant files, and a predetermined
sequence of steps as defined by the ISA specification. Such
ADI files minimally contain the ADI. XML, ADI.DTD, and
any MPEG transport files contained with the ADI. XML file.

The staging processor 202, as noted above, may comprise
a segmenting process 104. The segmenting process 104 com-
prises one or more soltware applications adapted to enable
cutting the content at I-frame boundaries. As noted above, the
soltware architecture enabling segmenting may be of the type
described 1n previously referenced co-owned, co-pending
U.S. patent application Ser. No. 10/860,969.

Segmented Content Controller (SCC) and Associated Appli-
cations—

The exemplary SCC 302 for use with the systems of FIGS.
3a, 3b and 4 1s illustrated 1n FI1G. 7. As shown, the SCC 302
comprises a digital processor(s) 702, a plurality of interfaces
706 for connection to other devices in the network 101 and a
local storage entity 300.

Specifically, for the functionality necessary in the embodi-
ment of FIGS. 3a, the SCC 302 interfaces 706 are adapted to
enable data communication between the SCC 302 and the
VOD server 105, 1n order to facilitate transmission of content
therebetween. The SCC 302 in the embodiment of FIG. 35,
requires interfaces 706 which enable data communication
between the SCC 302 with the other on-demand servers 304
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(e.g., FOD, ROD, or DROD servers) or other designated
servers as described elsewhere herein. The interfaces 706 also
permit use of the SCC 302 with other network apparatus such
as LANs, routers and other packet network devices, network
management and provisioning systems, local PCs, etc.

The local storage entity 300 of the SCC 302 1s a commod-
ity-based local disk storage of the type well known 1n the field
(e.g., SATA, PATA, SCSI, or other such device). A high-
density FLASH memory (e.g., NAND Flash or the like) may
also be used. The local storage entity 300 1s adapted to store
the segmented content as 1t 1s received from the segmenting
process 104. As noted above, content will be recerved as a
plurality of content segments. These content segments must
be stored 1n a highly organized fashion (including optional
cataloging) such that as new segments of a program are
received, they are placed in appropriate locations and/or
indexed with respect to the previously gathered portions of
the same program.

It 1s appreciated that in one alternate embodiment, the
“local” storage entity 300 may comprise a separate physical
entity 1n data communication with the SCC 302 and/or the
staging processor 302; e.g., located at a remote location from
the SCC.

When a request for content 1s made by a CPE 106, the
request 1s sent (directly or indirectly, depending on architec-
ture) to the SCC 302. The SCC 302 then searches the orga-
nized content segments to identify the segments of the
requested content which have been recerved thus far, and
assemble them 1n a manner similar to that discussed above
with respect to FIG. 3a. Specifically, the SCC 302 will iden-
tify the start and end points of the various content segments,
and splice these together with start and end points of adver-
tisement or other secondary content segments as required.

The assembly referred to above 1s implemented via one or
more soltware applications running on the digital processor
702 of the SCC 302, as will be discussed 1n greater detail
below.

After assembly of the segmented content 1s performed, the
content 1s further prepared for streaming to a user. It 1s noted
that 1n one embodiment, one or more VOD servers 105, or one
or more FOD, ROD, or DROD servers 304 (per the embodi-
ments of FIGS. 3a and 35) may be utilized to facilitate stream-
ing. In this instance, the SCC 302 merely pushes (or has
pulled from it) the content to the VOD 105 or other server 304.
Alternatively, content 1s streamed via the streaming capabili-
ties of the SCC 302 itself (via a connection to a network 101
application server).

The SCC 302 1s further adapted to, 1n one embodiment,
generate a metadata file regarding each one of the content
clements stored thereon. Creation of the metadata file on the
local server (SCC 302) may be used 1n, inter alia, generating
uniform asset distribution messages (such as those described
in Cablelabs ADI 1.1 and/or 2.0 specifications), characteriz-
ing content as to 1t’s subject matter, source, other attributes,
etc., and/or for other business purposes disclosed subse-
quently herein.

It 1s noted that, when the system 1s utilized to reassemble
content which was acquired 1n real time, the request for con-
tent must be recerved after the content distribution has begun.
The SCC 302 1s only able to send assembled content to the
VOD server 105 as 1t 1s acquired. In other words, content from
the SCC 302 will lag behind the actual broadcast of the
content by some finite amount, and content segments can be
assembled and transmitted to the VOD server 105 (or other
distribution mechanism) as it 1s acquired.

In addition to those shown 1n FIG. 7, other components
may be utilized within the SCC 302, including inter alia,
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amplifiers, board level electronic components, media proces-
sors, other specialized SoC or ASIC devices, and support for
various processing layers and protocols (e.g., TCP/IP, 802.3,
802.16, 802.11, 802.1x, DHCP, SNMP, H.323/RTP/RTCP,
VoIP, SIP, LSCP, XMPP, etc.) for e.g., allowing communica-
tions between various network and management entities.
These additional components and functionalities are well
known to those of ordinary skill in the cable and network
system fields, and accordingly not described further herein.

The SCC 302 may take any number of physical forms,
comprising for example one of a plurality of discrete modules
or cards or disks within a larger network headend or edge
device of the type well known 1n the art. Alternatively, the
SCC 302 may comprise a single server utilizing a storage area
network. Numerous other configurations may be used. Fur-
ther, the methods of the present invention may be practiced
using any configuration or combination of hardware, firm-
ware, or software, and/or maybe disposed within one or any
number of different physical or logical entities.

The exemplary SCC 302 of the embodiment of FIG. 7 of
the present invention comprises one or more content stream
assembly applications. Exemplary content streams are gen-
erated by cataloging and processing recerved content (which
may include inter alia decoding, transcoding/transrating, re-
encoding, and segmentation), and utilizing the resulting pro-
cessed content segments along with advertisement or other
such secondary content segments to create one or more ““con-
tent-plus-advertisement” assembled streams.

A content cataloging application 708 may be incorporated
into the exemplary SCC 302 of the embodiment of FIG. 7. As
noted above, as content 1s made available to users in the nPVR
model, one or more catalog entries for the ingested data file(s)
are created. These catalog entries can be made generic or
standardized 1n nature, or alternatively application-specific
(e.g., with respect to the client application or CPE 106 as
discussed below). Alerts or notice to the user can be accom-
plished via, e.g., a “navigator” application implemented on
the CPE 106, another dedicated application, extant notifica-
tion mechanisms such as those associated with the CPE
middleware, or some other user interface (UIl) mechanism
including on-screen alerts, audible signals, periodic or regu-
larly scheduled status functions, etc.

For example, the navigator application deployed 1n cable
networks operated by the Assignee hereof uses an exemplary
catalog structure (see FIGS. 7a-7d herein) to utilize data for
the CPE 106. Accordingly, one embodiment of the present
invention utilizes this same catalog structure for consistency,
although 1t will be recognized that other structures may be
used with equal success.

For existing on-demand (OD) services, three specific cata-
log structures are used (1.e., Group, OnDemand Menu3, and
OnDemand Selection).

FIG. 7a 1llustrates a basic construct of one exemplary
implementation of the catalog. All catalogs 1n this embodi-
ment dertve from this basic structure.

FIG. 7b 1llustrates an exemplary Group catalog structure
usetul with the present invention.

FIG. 7c 1llustrates an exemplary OnDemand Menu3 Cata-
log Structure useful with the mnvention.

FIG. 7d illustrates an exemplary OnDemand Selection
Catalog Structure useful with the invention.

Referring again to FIG. 7, the exemplary SCC 302 of the
embodiments of FIGS. 3a, 356 and 4 may comprise one or
more content processing 710 applications. In one exemplary
embodiment, the one or more processing applications 710 are
adapted to transcode or transrate the segmented content. As
previously noted, the segmenting processes 104 utilized
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while running open GOPs often make imprecise cuts or create
other 1ssues (butlering or closed COPS), ultimately resulting
in various artifacts in the delivered content stream. Accord-
ingly, the transcoding applications of the instant embodiment
clean up the artifacts and/or points of imprecise boundary
cutting within the various content segments. Transcoding
generally comprises direct digital-to-digital conversion from
one codec (coder-decoder) to another. In one embodiment,
transcoding 1s achieved by decoding a bitstream into YUV
format using a compatible decoder, and then encoding the
data using an encoder of a target standard. In another embodi-
ment transcoding 1s achieved without 1ts undergoing the com-
plete decoding and encoding process. In yet another embodi-
ment segments of the data near the splice points may be
transcoded 1n order to make the playlist usage easier. In
another embodiment the data may transcoded to other codecs
if needed for lower bitrates or different set tops. These and
other methods of transcoding are well known 1n the art and
thus will not be discussed 1n greater detail herein.

The exemplary SCC 302 of the embodiments of FIGS. 3a,
36 and 4 may also comprise one or more stream assembly
applications 712. The stream assembly applications 712 are
adapted to cause the insertion of advertisements or other
secondary content (e.g., promotions, short clips, notices or
warnings, mnfomercials, etc.) into the segmented content to
create seamless content-plus-advertisement assembled
streams 240. In one embodiment, stream assembly 1s accom-
plished 1n a manner similar to that described above with
respect to the VOD server 105 of FIG. 2a. Specifically, the
application 712 will utilize data contained 1n the data file to
locate the start and end points of the various primary content
and secondary content segments. The application 712 then
will, at the end point of a first segment (whether advertise-
ment or content), direct the msertion of the start point of a
segment of opposite type (either advertisement or content
depending on what preceded 1t). This pattern continues until
the last of the content segments and/or advertisement seg-
ments have been incorporated into the content-plus-adver-
tisement assembled stream 240. Other techniques or orders
may be used as well, such as where multiple advertisements
and/or content segments are placed back-to-back, in other
sequences, €lc.

The SCC 302 of the embodiment of FIG. 4 may further be
adapted to include one or more content streaming applica-
tions (not shown). The content streaming applications assist
in the delivery of content streams to a CPE 106 via one or
more application distribution servers 104.

In another aspect, the present invention permits the acqui-
sition of a single network stream for multiple advertising
zones. In one variant, the MSO or other network operator can
mark the designated content in storage with pointers or other
such mechanisms, and create a new file that has descriptors
that point to e.g., the Content Chapter storage blocks provided
from the supplying network; a pointer to the advertisement
files for either the “linear” broadcast for the advertising zone,
or a set of targeted advertisements, would be used to designate
the desired advertisements for insertion. This functionality
could be implemented using e.g., an SCTE 130 approach of
the type well known 1n the video arts, although other
approaches may be used with equal success.

The foregoing approach allows for, inter alia, reduced
acquisition costs, as well as the ability to insert targeted or
geographically-specific advertisements on a local basis.

Moreover, by making use of much cheaper content storage
(e.g., the SATA or FLASH-based server devices previously
described herein), as the MSO acquires “lookback”™ rights to
content (1.e., the ability to rebroadcast or distribute previously
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aired content), a much larger store of network content can be
acquired and placed within ready storage in a cost-efficient
manner, thereby providing better service (and a larger catalog,
or library from which to choose) to their subscribers. For
example, a “storage farm” could be established wherein a
prescribed period of past offerings (e.g., the last calendar
week for 100 different channels) could be efficiently and
cost-etfectively stored on a rolling basis.

Consumer Premises Equipment (CPE) and Associated Appli-
cations—

FIG. 8 illustrates a typical CPE 106 configuration useful
with the present invention. The CPE 106 may or may not
include DVR/PVR functionality. Also, the CPE 106 may not
be aphysically separate or stand-alone piece of equipment but
be integrated into another device, such as i1n the case of a

cable-ready television set.
As shown 1n the simplified diagram of FIG. 8, the COPE

106 generally comprises an OpenCable-compliant embedded
system (e.g., DSTB) having an RF front end 802 (including
tuner and demodulator/decryptors) for intertace with the
HFC network 101 of FIGS. 2a-4, digital processor(s) 804, a
mass storage device 808, and a plurality of interfaces 810
(e.g., video/audio interfaces, IEEE-1394 “FireWire”, USB,
serial/parallel ports, etc.) for interface with other end-user
apparatus such as televisions, personal electronics, comput-
ers, WiF1 or other network hubs/routers, etc.

Other components which may be utilized within the device
(deleted from FIG. 8 for simplicity) include various process-
ing layers (e.g., DOCSIS MAC or DAVIC OOB channel,
MPEG, etc.) as well as media processors and other special-
1zed SoC or ASIC devices. The CPE 106 may also comprise
an 1mtegrated HD decoder, thereby relieving any connected
monitors or other devices from the requirement of having
such a decoder. These additional components and function-
ality are well known to those of ordinary skill in the cable and
embedded system fields, and accordingly not described fur-
ther herein.

The CPE 106 of FIG. 8 1s also provided with an OCAP-
compliant application and Java-based middleware which,
inter alia, manages the operation of the device and applica-
tions running thereon. It will be recognized by those of ordi-
nary skill that myriad different device and software architec-
tures may be used consistent with the tuning and content
request functions of the present invention, the device of FIG.
8 being merely exemplary. For example, different middle-
wares (e.g., MHP, ARIB, or ACAP) may be used in place of
the OCAP middleware of the illustrated embodiment.

While the foregoing embodiments of the present invention
are described primarily in terms of an on-demand 1nfrastruc-
ture adapted to transmit content over a single physical chan-
nel (e.g., 256-QAM modulated carrier) at any given time, 1t
will be recognized that this “physical channel” may actually
comprise one or more carriers. For example, 1n one multi-
carrier variant of the invention, the content 1s streamed over
multiple physical carniers according to a multiplexing algo-
rithm such as that described in co-owned and co-pending U.S.
patent application Ser. No. 11/013,671 filed Dec. 15, 2004
and entitled “Method And Apparatus For Wideband Distribu-
tion Of Content”, incorporated herein by reference 1n its
entirety. Under this approach, the content can be multiplexed
across a plurality of physical carriers, with the multiplexed
signal being reassembled at the CPE 106 using a wideband
tuner (or a plurality of related tuners). Information from the
head-end as to the multiplexing scheme and channels used 1s
provided to the CPE 106 1n order to enable it to de-multiplex
(and decode) the multiplexed transport stream. Hence, for the
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purposes of this embodiment, the aggregation of multiplexed
channels acts like a single QAM.

In another embodiment (not shown), the CPE 106 may
comprise a converged device (CD), such as that described 1n
co-owned U.S. patent application Ser. No. 11/378,129 filed
Mar. 16, 2006, 1ssued as U.S. Pat. No. 8,347,341 on Jan. 1,
2013, and entitled “Methods and Apparatus for Centralized
Content and Data Delivery”, and incorporated herein by ret-
erence 1n 1ts entirety. The exemplary CD comprises a
remotely manageable premises device that, inter alia, acts as
a centralized client networking platform providing gateway
services such as network management as well as traditional
content and high-speed data delivery functions. The device
also acts as the shared mternet (e.g., Internet) connection for
all devices 1n the premises via a cable modem or other such
interface, sharing personal and DVR content such as video,
music and photos (and any associated metadata) throughout
the premises, and providing both a wired and wireless net-
work 1n the home. Telephony services utilizing e.g., embed-
ded multimedia terminal adapter (eMTA) and/or Wi-F1 archi-
tectures may also be provided via the device; these services
can make use of the network operator’s indigenous VoIP or
comparable telephony capability 1f desired, thereby provid-
ing an even more unified service environment. The converged
premises device can also provide a trusted domain for content
or data, as well as allowing a subscriber total mobility in the
home by not limiting content or data to any one viewing/
access location. For example, content or data may be accessed
on any monitor 1n the premises, as well as on a PC or personal
media device (PMD).

The exemplary CPE 106 of FIG. 8 further comprises an
nPVR content or media application, which allows a user to
manage his personal content as stored at the SCC 302 or
associated network storage enfity. Such management
includes, but 1s not limited to, the ability to browse through
content stored to see which are available for viewing, select
content for local (premises) viewing, and configure various
parameters associated with the remote access (e.g., user logon
names, passwords, account parameters, billing, etc.). Such
management functions may also include executing requests
for beginning a broadcast program over during the programs
original broadcast window (1.e., “start-over”).

The aforementioned nPVR application may be a stand-
alone application running on the CPE 106, or alternatively
may have some or all of its functionality integrated or com-
bined with other extant applications (or even the middleware
of the CPE), such as the atorementioned “navigator applica-
tion”, EPG, “Watch TV” application, or the like. It may also
comprise a client portion of a client-server or distributed
application (DA), such as described below.

The nPVR content application or client portion 1s also
responsive to a network-side application (e.g., server portion
of the SCC 302) 1n order to receive and service client requests,
and provide notification or display functions as previously
described herein. The server portion at the SCC can also be
configured 1n one variant to query the CPE 106 to check on the
content titles stored on the CPE 106 (1n instances where the
CPE 106 1s associated with a DVR, or a premises network
having another mass storage device), and other data related
thereto.

In one implementation, the client portion resident on the
CPE 106 tracks and reports user activity related to personal
content viewing to the relevant network server(s) for each
CPE 106. This activity tracking 1s usetul from a number of
perspectives, including: (1) determining remote access to con-
tent that has been stored (at a DVR, 11 applicable) or viewed
locally; (1) 1n billing-related functions; and (111) 1n determin-
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ing when programs are added or deleted from the local stor-
age (e.g., user’s DVR, where applicable). This tracking can
also be performed 1n a substantially anonymous fashion, such
as through use of cryptographic hashes of TUNER 1D, MAC,
and similar variables as described 1n detail elsewhere herein.
Such mechanisms allow for specific identification of the CPE
106 which has recorded or accessed content, without neces-
sarily having to know the subscriber’s 1dentity. Various busi-
ness models implementing the above-described tracking
function will be discussed 1n detail below.

Furthermore, an application on the CPE 106 can be made to
be responsive to the user’s commands to control the “trick
modes™ of content viewed from the nPVR. In one embodi-
ment, one or more trick modes may be made unresponsive
such as during start-over of a program 1n its original broadcast
window as discussed 1n previously incorporated co-owned
U.S. patent application Ser. No. 10/913,064.

Referring now to FIG. 8a, one exemplary embodiment of a
generalized method by which the client application or portion
806 running on the digital processor 804 of the CPE 106
directs the download of content from an on-demand server
(VOD server 105 or other on-demand server 304) as 1n the
embodiments of FIGS. 3a¢-3b, and/or from an SCC 302 (via
an application distribution server 104) as in the embodiment
of FIG. 4, 1s described 1n detail.

A first step 1n performing the content download comprises
the establishment of a session by which the content may be
transterred (step 822). In the exemplary embodiment, the
CPE 106 mitiates an on-demand session for content down-
load for a given asset ID. In cable networks compliant with
the ISA specification, the session setup process 1s based on
the well-known Session Setup Protocol (SSP), such as SSP
Version2.1. An asset ID (or offermg ID)1s used to identify the
packetized data stream; this ID 1s accessed by the CPE 106
using, e.g., the on-demand catalog structures associated with
an exemplary system and described with respect to FIGS.
7a-Td herein. Alternatively, some other structure or protocol
adapted to transier the necessary information to the CPE 106
can be utilized.

Upon successiul setup of the session, the on-demand server
(e.g., VOD server 105, or other on-demand server 304) or the
SCC 302, at step 824, sends the CPE 106 information neces-
sary for the CPE 106 to tune to the appropriate QAM (and
MPEG program number that contains the data PID) used to
transport the data. Since the CPE 106 requires the exact
MPEG data PID 1n order to access the MPEG private section,
it must parse the Program Map Table (PMT) to determine the
data PID value associated with the MPEG program to which
it 15 tuning.

After successiul tuning to the physical channel(s) (step
826), the CPE 106 then begins recerving the content stream
(step 828).

In the exemplary implementation, the client application
806 running on the CPE 106 starts the content stream by
issuing the lightweight stream control protocol (LSCP)
“Play” command to play from the zero (0) location. It will be
appreciated that while an MPEG “private section” control
approach 1s utilized in the illustrated embodiments, other
approaches may be substituted with equal success such as,
without limitation, a Digital Storage Media-Command and
Control (DSM-CC) based stream control 1n accordance with
ISO/IEC 13818-6:1998(E).

As the content stream begins flowing to the CPE 106, the
client application 806 may optionally collect data regarding
the receipt of the content stream to assure the integrity of the
content transier (step 830), and verily that there are no trans-
mission errors therein. Error correction and/or retransmission
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protocols may be employed in such cases if desired. For
example, 1 errors are noticed in the integrity of the content
download, then the client application 806 may send a mes-
sage to the source (either the on-demand server 105, 304 or
the SCC 302) to correct the error. In response, the source will
re-transmit those sections that were lost or damaged in trans-
mission.

I1 the integrity of the content stream 1s not flawed, and/or 11
the system does not utilize the optional integrity check, then,
upon detecting of end of the sequence (step 832), the client
application 806 terminates the on-demand session by sending
a session release request or similar communication (per step
834).

Myriad alternative schemes for managing the data down-
load/CPE processing rates will be recognized by those of
ordinary skill provided the present disclosure. For instance, 1n
one alternative scheme, a high-speed download approach
may be used, such as that described 1n co-owned U.S. patent
application Ser. No. 11/013,6635 entitled “Method and Appa-
ratus for High Bandwidth Data Transmission in Content-
Based Networks” filed Dec. 13, 2004, which 1ssued as U.S.
Pat. No. 8,522,293 on Aug. 27, 2013, and incorporated herein
by reference 1n 1ts entirety.

Utilization of One or More Content Libraries for nPVR Con-
tent—

Referring now to FIG. 9a, another exemplary system for
storing and retrieving content in an nPVR model 1s 1llustrated.
The system of FIG. 9a may be utilized in enabling both
user-mnitiated nPVR functionality and/or MSO-initiated
nPVR functionality (e.g., nPVR of content as 1t 1s simulta-
neously broadcast in order to enable users to begin the content
over from 1ts beginning during the broadcast window).

One salient aspect of the embodiment of FIG. 9a 1s the
presence of a content library 902. As shown, content 1s
received from one or more content sources 103 and processed
as discussed above with respect to FIGS. 3a, 3b, and 4. The
content 1s then sent via the network 101 to one or more CPE
106 associated with the network 101. In the embodiment of
FIGS. 3a and 35, this 1s accomplished via routing through an
on-demand server 105, 304 (which are not shown 1n the
simplified drawing of FIG. 9a). The content 1s simultaneously
sent to a content library 902 once processed, etc. It 1s appre-
ciated that although the simplified diagram of FI1G. 9a depicts
content entering the content library 902 via various SCC 302,
any number of alternative configurations may be utilized
consistent with the present invention, including, inter alia,
wherein content 1s fed from a different network entity (e.g.,
VOD server 103, etc.) and/or wherein the system utilizes a
BMS 107 as discussed previously herein with respect to the
prior art.

In the illustrated embodiment, the content library 902 1s
central 1n nature as it 1s adapted to collect and distribute
content from among multiple SCC 302a, 3025,302¢...302%
of different regions/headends. Accordingly, content on the
SCC 302a of a first region will be available to that region and
the entities associated therewith (such as the set of CPE 106a)
as well as the other regions/headends.

In one embodiment the content collected by each SCC
3024, 3026, 302¢ . . . 302% will automatically be transmaitted
to the content library 902, which will catalog the content and
present the catalog to all the CPE 1064, 1065, 106¢ . . . 1061
serviced by the library 902. Accordingly, when a CPE 1064,
10656, 106¢ . . . 1067 requests the content, the library 902 waill
stream the content directly to the requesting entity. However,
if the requesting CPE 106 1s associated with the region of the
SCC 302 from which the stemmed, the content will be
streamed from the SCC 302 or other network entity 101 (e.g.,
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VOD server 105 or other on-demand server 304) associated
therewith. For example, if content 1s recerved and processed
by SCC 302a, then presented to the library 902 and subse-
quently requested by CPE 106a, the SCC 302a (or on-de-
mand server 105, 304 associated with network 101a) will
stream the content to the CPE 1064 rather than the “centra
1zed” content library 902. However, 11 it 1s requested by CP.
106¢, the content library 902 will stream the content to the
CPE 106c¢.

Alternatively, the content may be transmitted to the content
library 902 only upon user request, and the library 902 acts as
a conduit for the transmission of the content between two
SCCs 302. According to this embodiment, content 1s col-
lected and processed at each region/headend SCC 302a,
3025,302c¢...302%. The catalog of content for each SCC 302
1s generated, updated, and published to the library 902. The
various other regions/headends are able to view the catalogs
of other regions/headends and provide the catalog listings to
their associated CPE 106. When a CPE 106 requests content
stored at a remote SCC 302, the “centralized” library 902
retrieves the requested content from the SCC 302 on which
the requested content 1s stored and forwards the content to the
SCC 302 of the requesting CPE 106. For example, if a par-
ticular content (Content A) 1s received and processed at SCC
302a, the SCC 302q will add the content to a content catalog
which 1s sent to the content library 902. SCC 3025 may then
pull the catalog list and present it to 1ts CPE 1065. If any one
of the CPE 1065 selects Content A, the request 1s sent to the
content library 902 thorough the SCC 30254. The content
library 902 requests and receives Content A from the SCC
302a on which it 1s located and sends the content to the library
902 for distribution to the SCC 3025 and subsequently to the
requesting CPE 1065.

In yet another embodiment (not shown), the content library
902 may merely deliver requests for content to the particular
SCC 302 associated with requested content. According to this
embodiment, content 1s collected, processed and cataloged.
Then, each SCC’s 302 cataloged content 1s sent to the content
library 902. The catalogs 1n the library 902 are made available
to all the SCC’s 302 connected thereto, which in turn are
made searchable by the CPE 106 associated with the various
SCC 302. When a particular CPE 106a requests content
which 1s available on a remote SCC 3025, a request for the
content 1s sent via the SCC 302q associated with the CPE
106a to the content library 902. The library 902 forwards the
request to the SCC 3025 having the content causing it (SCC
302bH) to begin to communicate with the SCC 302a of the
requesting CPE 106q; 1.¢., causing the direct transier of the
content between the two entities (SCC 302a and 3025).

It 1s appreciated that 1n one variant of the present embodi-
ment, requested content may be pulled from several SCCs
302 at once; the CPE 106 may be adapted to receive portions
of the content from each SCC 302 and assemble the portions
il necessary. See e.g., co-owned U.S. patent application Ser.
No. 11/726,095 entitled “Method and Apparatus for Content
Delivery and Replacement in a Network™ filed Mar. 20, 2007
and incorporated herein by reference 1n its entirety, wherein a
peer-to-peer (P2P) system for content distribution and
replacement 1s described, disposed 1in exemplary embodi-
ments at the edge of the content delivery network. Hence, in
the context of the present embodiment, other CPE 106 or
SCCs 302 can act as “peers” to a requesting CPE.

Referring now to FIG. 9b, the above-mentioned content
library 902, rather than being “centralized” in nature (i.e., one
central content library 902), may comprise more than one
entity. Specifically, the content library 902 may comprise a
tiered system wherein various storage apparatus are disposed
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in close proximity to a particular region, termed “perimeter”
or “edge” libraries 902. These edge libraries 902 are in com-
munication at least one national-level library 902, as well as
the headends 101 for the regions each 1s associated with. It 1s
appreciated that in the embodiment of FIG. 94, the perimeter
libraries 902 will be disposed at different regions throughout
the nation so as to offer programming from various regions
across the country. Further, the perimeter libraries 902 may
function as local centralized libraries (1.e., comprise func-
tions similar to as those described above for the content
library 902 of FI1G. 9.)

Various other system configuration utilizing one or more
content libraries 902 will also be appreciated by those of
ordinary skill given the descriptions provided herein.
Content Library Architecture and Software—

The components of the individual content libraries 902 of
FIGS. 9a and 96 above (e.g., centralized, perimeter and
national libraries 902) are depicted in the simplified block
diagram of FI1G. 9¢. In one embodiment, a content library 902
comprises one or more mass storage devices 906 (e.g., RAID
SATA drives, optical discs, etc.), a digital processor 904 and
a plurality of interfaces 908 for connection to other devices 1n
the network 101. The interfaces 908 also permit use of the
content library 902 with other network apparatus such as
L.ANSs, routers and other packet network devices, network
management and provisioning systems, local PCs, efc.

As noted above, the storage devices 906 of the content
library 902 may be adapted to store a plurality of content from
the various SCC 302 with which the library 902 1s 1n data
communication. Alternatively, the storage device 906 may be
merely adapted to store requests for content sent from SCC
302 associated with the requesting CPE 106 to the SCC 302
on which requested content 1s stored. Various other configu-
rations are also appreciated given the present disclosure.

The content libraries 902 may utilize other components,
etc. well known to those of ordinary skill 1n the cable, com-
puter and networking system fields, including e.g., amplifi-
ers, board level electronic components, media processors,
other specialized SoC or ASIC devices, and/or support for
various processing layers and protocols (e.g., TCP/IP, 802.3,
802.16,802.11, DHCP, SNMP, H.323/RTP/RTCP, VoIP, SIP,
XMPP, LSCP, etc.).

As discussed above, the content libraries 902 may take any
number of physical forms, comprising for example one of a
plurality of discrete modules or cards within a larger network
headend or edge device of the type well known 1n the art. The
content libraries 902 may also comprise firmware, either
alone or in combination with other hardware/software com-
ponents such as those previously described (e.g., disposed in
the atorementioned edge device). Numerous other configu-
rations and components may be used and/or may be inte-
grated with the content libraries 902 of the present invention.

The processor 904 of the content library 902 1s adapted to
run one or more software applications. These software appli-
cations include one or more applications adapted to facilitate
the receipt and processing of requests for content (including
forwarding requests where necessary). In one embodiment,
one or more applications further enable the library 902 to
establish communication with at least one SCC 302 1n order
to recetve content therefrom and/or transmit content thereto.
In yet another embodiment, the software applications enable
the search and retrieval of content stored either on the content
library 902 or on other entities 1n data communication there-
with. It 1s appreciated that, 1n the following discussion, the
content library may comprise a “centralized” and/or “perim-
eter” (or “edge”) library 902 as discussed above with respect

to FIGS. 9-9b.
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One method 1000 by which the exemplary sottware appli-
cations accomplish the above-described receipt and search
functionality 1s given 1 FIG. 10. As 1llustrated, at step 1002,
a catalog of contents 1s recerved from each content-bearing
entity (e.g., SCC 302, VOD server 105, etc.) in communica-
tion with the content library 902. The illustrated system
appreciates that content may frequently be added and/or
dropped from the content-bearing entities, thus altering
which content 1s available. Accordingly, the catalog entries
received at step 1002 may comprise periodically received
catalog updates or entirely new catalogs.

At step 1004, all of the catalog entries received from each
of the content-bearing entities 1n communication with the
content library 902 are compiled to form a completed content
catalog. The completed content catalog 1s then presented to
all users (e.g., all CPE connected to the library 902 via one or
more network 101 entities) at step 1006.

Per step 1008, a user will select one or more content from
the content catalog and the user’s selection will be recerved at
the content library 902 1n the form of a request. The library
will then process the request (step 1010).

It 1s appreciated that, in one embodiment, content may also
be sent from the content-bearing entities to the library 902 on
an as-obtained basis. In other words, as the content-bearing
entities collect content, they will, 1n one embodiment, auto-
matically send a copy of the content to the library 902 for
storage. Therefore, when a request for content 1s processed (at
step 1010) the content library will deliver the content to the
requesting user (at step 1012) directly from its storage.

Alternatively, at step 1014, the library 902 will establish a
connection with the content-bearing entity associated with
the content requested. If the library 902 1s acting as a conduat,
then, per step 1016 the library will recerve the content from
the content-bearing entity and subsequently (step 1018)
deliver it to the requesting user. Alternatively, the library 902
may merely forward a request to receirve content to one or
more content-bearing entities (at step 1020) and allow the
entities to establish connections and transier content unaided.
Related and/or Targeted Secondary Content Delivery—

In another embodiment, the present invention may advan-
tageously utilize various methods for the delivery and/or
selection of targeted or related “secondary” content.

One such method for the delivery of contextually-related
“secondary’” content (e.g., advertising messages, useful infor-
mational links, etc.) 1n association with the primary content
selected by the user 1s described in co-owned, co-pending
U.S. patent application Ser. No. 11/198,620, filed Aug. 4,
2005 and entitled “Method and Apparatus for Context-Spe-
cific Content Delivery”, which 1s incorporated herein by ret-
erence 1n its entirety. Specifically, that application discusses
in one exemplary embodiment, secondary content compris-
ing advertising selected at least in part based on metadata
associated with the primary content. The metadata 1s gener-
ated by e.g., the SCC 302 (as discussed above), and 1s sent to
a third party network entity (e.g., advertising server) which
returns contextually specific advertising matching the search
terms. The SCC 302 then assembles the matching advertise-
ment segments and content segments mto a continuous
stream for presentation to the user upon request for nPVR
content. In one variant, the search term 1s simply one or more
keywords drawn from the metadata and used as an input to a
search engine. In another variant, more sophisticated analysis
of the metadata 1s performed so as to ostensibly reduce the
number of irrelevant or marginally relevant “hits” returned by
the search engine/advertising server.

Another method enhanced of advertising selection and
delivery advantageously coupled with the aforementioned
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delivery of targeted primary content i1s described 1n
co-owned, co-pending U.S. patent application Ser. No.
12/070,559, filed Feb. 19, 2008 and entitled “Method and
Apparatus for Enhanced Advertising and Promotional Deliv-
ery 1n a Network™, which 1s incorporated herein by reference
in 1ts entirety. Specifically, that application discusses, 1n one
embodiment, enabling a viewer to individually preview and
select the advertisements that they will view during play back
of real-time broadcast nPVR content and/or user-initiated
nPVR content, as well as during “trick mode” operation
occurring during both. In one vanant, the preview function
leverages metadata that 1s found 1n the advertisements. The
invention discloses an advertising controller (AC) which 1s
utilized to select choices on the subscriber’s advertising
“playlist” based on, e.g., correlation between the advertising
metadata and metadata associated with the nPVR content via
the metadata file generated by the SCC 302 (discussed
above).

In another aspect of the above-referenced invention,
decoupling of advertising or promotions from nPVR pro-
grams 15 advantageously provided, thus atfording the network
operator flexibility to insert various advertising content
options 1n a dynamic fashion based on inter alia changing
network conditions, and/or cost/benefit decisions, or selec-
tively replace dated, expired or under-performing advertise-
ments, or those having less correlation to a current program
content stream.

In another variant, advertising or commercial skipping 1s
substantially frustrated by presenting a viewer with several
viewing options ol potential interest, and/or imposing one or
more minimum viewing policies.

Business Methods and Considerations—

Various exemplary business-related aspects and methods
of present invention are now described 1n detail.

In one embodiment, access to the various aspects of the
improved nPVR system 1s provided as an incentive or fea-
tured as part of the subscriber’s subscription plan. In other
words, a certain level of subscriber may be able to access
MSO-1nitiated nPVR content, while another level of sub-
scriber may be able to only perform user-initiated nPVR tasks
(or vice versa).

Using the present mvention to obviate expensive storage
under prior art VOD approaches as previously described
herein may also allow the MSO to offer the nPVR function-
ality at a lower cost to the subscriber, thereby providing a
competitive edge or greater incentive for the subscriber to
utilize the service.

In another embodiment, the user’s ability to access content
pulled across one or more libraries 902 (such as centralized
library, perimeter library and national-level library) will be
restricted across different subscription plans, etc.

It 1s also noted that an MSO may utilize the ability of the
present invention to msert secondary content (including tar-
geted secondary content) into the nPVR content as a business
model with respect to advertisers. In other words, certain
advertisers may pay a higher premium to have their advertis-
ing content associated with a greater quantity or a more
diverse subset of viewers, or more “impressions’. The MSO
offers a unique capability 1n this regard; 1.e., having demo-
graphic knowledge of the same population of viewers who

will view the advertising or other secondary content, versus
merely population-wide demographics (e.g., Nielsen or the
like), wherein viewers may or may not be the same individu-
als from which the demographic data was drawn.




US 9,277,266 B2

37

Other business-related aspects of the present invention
may be appreciated given the foregoing disclosure.
Operations/Business Rules Engine—

In another aspect of the invention, the aforementioned
processor 702 running on the SCC 302 (one or more computer
programs located thereon) includes a so-called “rules™
engine. These rules may be fully integrated within various
entities associated with the present invention, or may be con-
trolled via e.g., the user’s CPE 106 or a network administra-
tion function (e.g., a networked management PC and associ-
ated software). In effect, the rules engine comprises a
supervisory entity which monitors and selectively controls
the content recommendation functions at a higher level, so as
to implement desired operational or business rules. The rules
engine can be considered an overlay of sorts to the remote
content management and delivery algorithms. For example, 1t
may 1nvoke certain operational protocols or decision pro-
cesses based on requests received from the user or SCC, on
subscriber data, geographic data, etc. However, these pro-
cesses may not always be compatible with higher level busi-
ness or operational goals, such as maximizing profit or system
reliability. Hence, when imposed, the business/operational
rules can be used to dynamically (or manually) control the
operation of the nPVR system.

The rules may be, e.g., operational or business-oriented in
nature, or related to preservation of security, and may also be
applied selectively 1n terms of time of day, duration, specific
local areas, or even at the individual user level.

For example, one rule implemented by the rules engine
may comprise providing priority access to the national con-
tent library 902 to certain classes of subscribers (e.g., those at
a premium level of service, or subscribers who have “opted-
in” to recerving access), especially when library or network
resources are in contention.

In another example, network bandwidth may be allocated
depending on the requesting subscriber’s service class,
options, and delivery paradigm. For instance, subscriber-re-
quested nPVR might be given a lower bandwidth allocation
priority than VOD, but greater than broadcast switched deliv-
ery (BSA) or the like. Any number of different permutations
of this theme will be recognized by those of ordinary skill
given this disclosure, including those based on profit or rev-
enue to the MSO (or its advertisers). See e.g., co-owned U.S.
patent application Ser. No. 12/072,637 entitled “Methods and
Apparatus for Business-Based Network Resource Alloca-
tion” filed Feb. 26, 2008, 1ssued as U.S. Pat. No. 8,813,143 on
Aug. 19, 2014, and 1ncorporated herein by reference in its
entirety, which discloses inter alia methods and apparatus for
the “intelligent” optimization of content-based network
operation based on, e.g., cost and/or revenue implications 1n
the context of “on-demand” video services such as e.g., VOD,
FOD, SVOD, and HDOD, as well as optionally from a more
global perspective (e.g., on-demand, switched broadcast, and
high-speed data/cable modem services considered as a
whole).

In still another example, a rule implemented by the rules
engine may comprise imposing a moratorium on allowing
access to MSO-1nitiated nPVR content for a certain period
after the broadcast window of the real-time broadcast has
ended. This may be based on processing or operational con-
siderations, or alternatively restrictions desired by the MSO
or content source (e.g., studio or network), such as where
temporal aspects of the delivery are critical. For instance, this
approach can be used to allow only certain segments of the
country to see certain events, etc. after they have been broad-
cast 1 other regions; e.g., so as not to “spoil” the ending,
affect voter sentiments 1n elections, etc.
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In yet another example, access to “trick mode™ functional-
ity may be barred at certain instances during the playback of
nPVR content.

Many other approaches and combinations are envisaged
consistent with the invention, as will be recognized by those
of ordinary skill when provided this disclosure.

It will be recognized that while certain aspects of the inven-
tion are described 1n terms of a specific sequence of steps of
a method, these descriptions are only illustrative of the
broader methods of the invention, and may be modified as
required by the particular application. Certain steps may be
rendered unnecessary or optional under certain circum-
stances. Additionally, certain steps or functionality may be
added to the disclosed embodiments, or the order of perfor-
mance of two or more steps permuted. All such variations are
considered to be encompassed within the invention disclosed
and claimed herein.

While the above detailed description has shown, described,
and pointed out novel features of the invention as applied to
various embodiments, 1t will be understood that various omis-
s10ms, substitutions, and changes in the form and details of the
device or process 1llustrated may be made by those skilled 1n
the art without departing from the invention. This description
1s 1n no way meant to be limiting, but rather should be taken
as 1llustrative of the general principles of the mnvention. The
scope of the mnvention should be determined with reference to
the claims.

What 1s claimed 1s:

1. A method for delivery of content via a network personal
video recorder 1n a content delivery network, said method
comprising;

ingesting said content via a network-initiated determina-

tion, 1n real-time;

processing said content, said processing comprising:

segmenting said content into a plurality of elements,
cach of said segmented plurality of elements compris-
ing at least one splice point;

creating a virtual file comprising a plurality of pointers,
cach associated to a physical location of a storage
block for storing respective ones of said plurality of
elements of said content, said virtual file stored with
said content; and

removing one or more discontinuity artifacts between
one or more of said segmented plurality of elements 1n
real-time by transcoding only data near said at least
one splice point 1n said segmented plurality of ele-
ments;

storing said segmented content elements;

receiving a request for at least a portion of said content;

generating a content stream using at least a portion of
said content elements;

sending said content stream to one or more users;

during said act of sending said content stream to said one
Or more users, monitoring a transmission rate of said
act of sending and a number of retransmission
requests by said one or more users;

determining a transmission eificiency based, at least 1n
part, on said transmission rate and said number of
retransmission requests by said one or more users;
and

adjusting said transmission rate when said determined
transmission eificiency 1s less than a threshold level.

2. The method of claim 1, wherein said act of segmenting,
comprises cutting said content stream at one or more I-frame
boundaries.
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3. The method of claim 1, wherein said act of generating,
said content stream comprises at least assembling said seg-
mented content elements with one or more advertisement

segments.

4. The method of claim 3, wherein said act of generating,
said content stream further comprises transcoding said
assembled content elements and said one or more advertise-
ment segments.

5. The method of claim 3, further comprising generating,
metadata regarding said stored content elements.

6. The method of claim 5, wherein said one or more adver-
tisement segments are selected based at least i part on a
comparison of metadata associated with said advertisement
segments and said metadata regarding said stored content
clements.

7. The method of claim 1, wherein said act of sending said
content stream to said one or more users comprises sending
said content stream to an on-demand server.

8. The method of claim 1, wherein said act of sending said
content stream to said one or more users comprises sending
said content stream to a content library.

9. The method of claim 1, wherein said act of ingesting said
content 1s performed at least 1n part 1n response to receipt of
at least one user request.

10. The method of claim 1, wherein said act of ingesting
said content 1s performed based at least 1n part on receipt of at
least a cable network provider request.

11. The method of claim 1, wherein said act of storing
comprises storing said segmented content elements on a com-
mercial off-the-shelf (COTS) storage device.

12. A system for acquisition and distribution of content 1n
a content delivery network, said system comprising;

at least one staging processor adapted to:

acquire first content;

identify a plurality of I-frames within said acquired first
content;

generate a plurality of segments of said acquired first
content by a division of said acquired first content at
one or more of said plurality of identified I-frames;
and

insert additional content between individual ones of said
plurality of segments to generate second content;

at least one storage entity, said storage entity adapted to

store said second content;

at least one local video on demand (VOD) server entity,

said VOD server entity adapted to:

upon request for said first content from a requesting
device, request and recerve said second content from
said storage entity;

generate a content stream via at least portions of said
second content;

distribute said content stream via said network to said
requesting device

monitor a transmission rate of said distribution of said
content stream;

cvaluate a number of retransmission requests by said
requesting device;

determine a transmission eificiency based, at least 1n
part, on said transmission rate and said number of
retransmission requests; and

adjust said transmaission rate based on said determined
transmission etficiency.

13. The system of claim 12, wherein said system further
comprises one or more on-demand servers, said on-demand
servers adapted to recerve and transmit said content stream to
at least one CPE associated with said network.
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14. The system of claim 12, wherein said system further
comprises at least one content library, said content library
adapted to:

recetve a request for content from at least one CPE associ-

ated with said network; and

establish a mechanism for delivery of said requested con-

tent to said at least one CPE.

15. The system of claim 14, wherein said mechanism for
said delivery of said requested content comprises a request
from said content library for said requested content from said
at least one local server entity, and deliver of said requested
content to said at least one CPE.

16. The system of claim 14, wherein said mechanism for
said delivery of said requested content comprises receipt at
least one local server entity of said request forwarded from
said content library, and said at least one local server entity
enabled to communicate with said at least one CPE via said
forwarded request.

17. The system of claim 14, wherein said generation of said
content stream comprises at least assembly of said segmented
content with onr or more advertisement segments.

18. The system of claim 17, wherein said generation of said
content stream further comprises generation of a transcoded
version of said assembled content and advertisement seg-
ments.

19. The system of claim 17, wherein said at least one local
server entity 1s further adapted to generate metadata regarding,
said stored content.

20. The system of claim 19, wherein said one or more
advertisement segments are selected based at least 1n part on
a comparison of metadata associated with said advertisement
segments and said metadata regarding said stored content.

21. The system of claim 12, wherein distribution of said
content stream comprises delivery of said content stream to
an on-demand server.

22. The system of claim 12; Wherein said distribution of
said content stream comprises delivery of said content stream
directly to at least one CPE associated with said network.

23. A method for delivery of content via a network personal
video recorder 1n a content distribution network, said method
comprising:

receving a request for content specific to a geographic

region to which a first apparatus 1s associated from a
centralized content library on behalf of a second appa-
ratus not associated with said specific geographic
region;

ingesting said content based on said request;

processing said content, said processing comprising seg-

menting said content into a plurality of elements, and
creating a virtual file comprising at least one pointer
associated with a physical location of a chapter storage
block of said content;

storing said segmented content elements and said virtual

file;

generating a content stream using at least a portion of said

content elements;

despite said second apparatus not being associated to said

specific region, sending said content stream to said cen-
tralized content library, said centralized content library
configured to provide said content to said second appa-
ratus;

monitoring, during said act of sending said content stream,

a transmission rate thereof:

determining a number of retransmaission requests by said

centralized content library; and
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adjusting said transmission rate based on a transmission

eificiency, said transmission eificiency being based at
least in part on said transmission rate and said number of
retransmission requests.

24. The method of claim 23, wherein said act of segment-
ing comprises cutting said content stream at one or more
boundaries.

25. The method of claim 23, wherein said act of generating,
said content stream comprises at least assembling said seg-
mented content elements with one or more advertisement
segments.

26. The method of claim 25, wherein said act of generating,
said content stream further comprises transcoding said
assembled content elements and said one or more advertise-
ment segments.

277. The method of claim 25, further comprising generating,
metadata regarding said stored content elements.

28. The method of claim 27, wherein said one or more
advertisement segments are selected based at least in part on
a comparison of metadata associated with said advertisement
segments and said metadata regarding said stored content
clements.

29. The method of claim 23, wherein said act of sending
said content stream to said one or more users comprises
sending said content stream to an on-demand server.

30. The method of claim 23, wherein said act of sending
said content stream to said one or more users comprises
sending said content stream to a content library.

31. An apparatus for storage and distribution of content in
a network personal video recorder (nPVR) system of a con-
tent delivery network, said apparatus comprising:

an interface, said interface adapted to enable said apparatus

to receive and distribute said content;

a storage entity, said storage entity adapted to store said

content; and

a processing entity, said processing entity adapted to run at

least one computer program thereon, said computer pro-

gram comprising a plurality of instructions which are

adapted to, when executed, enable said apparatus to:

receive a request for content specific to a geographic
region to which said apparatus 1s associated from a
centralized content library on behalf of a second appa-
ratus not associated to said specific geographic
region;

ingest said content based on said request;

process said content via segmentation of said content
into a plurality of elements, and creation of a virtual
file comprising at least one pointer associated with a
physical location of a chapter storage block of said
content;
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store said segmented content elements and said virtual
file:
generate a content stream based at least 1n part on said
content;
despite a determination that said second apparatus 1s not
associated to said specific region, provide said content
stream to said centralized content library, said central-
1zed content library configured to communicate said
content stream to said second apparatus;
monitor a transmission rate of said provision of said
content stream and a number of retransmission
requests by said centralized library; and
adjust said transmission rate based on a transmission
elliciency, said transmission efficiency being based at
least 1n part on said transmission rate and said number
of retransmission requests.

32. The apparatus of claim 31, wherein said storage entity
comprises one or more commodity-based storage entities.

33. The apparatus of claim 32, wherein said one or more
commodity-based storage entities each comprise hardware-
assisted flash memory-based storage devices.

34. The apparatus of claim 32, wherein said content com-
prises content segments which have been cut at I-frame
boundaries.

35. The apparatus of claim 34, wherein said generation of
said content stream comprises assembly of said content seg-
ments and one or more advertisement segments to form a
single content segment.

36. The apparatus of claim 35, wherein said plurality of
instructions are further adapted to enable said apparatus to
transcode said assembled content segments and said one or
more advertisement segments.

37. The apparatus of claim 35, wherein;

said plurality of mstructions are further adapted to enable

said apparatus to generate metadata regarding said
stored content; and

wherein said one or more advertisement segments are

selected based at least in part on a comparison of meta-
data associated with said one or more advertisement
segments and said metadata regarding said stored con-
tent.

38. The apparatus of claim 31, wherein communication of
said content comprises communication of said content to an
on-demand server.

39. The apparatus of claim 31, wherein communication of
said content comprises commumnication of said content to
another apparatus for storage and distribution of content.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 9,277,266 B2 Page 1 of 2
APPLICATION NO. . 12/406881

DATED : March 1, 2016

INVENTORC(S) . Steven Riedl et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Currently reads (Claim 17 — Column 40):

“17. The system of claim 14, wherein said generation of said
content stream comprises at least assembly of said segmented
content with onr or more advertisement segments.”™

Should read (Claim 17 — Column 40):

-- 17. The system of claim 14, wherein said generation of

said content stream comprises at least assembly of said segmented
content with one or more advertisement segments. --

Currently reads (Claim 22 — Column 40):

“22. The system of claim 12; Wherein said distribution of
said content stream comprises delivery of said content stream
directly to at least one CPE associated with said network.”

Should read (Claim 22 — Column 40):

-- 22. The system of claim 12, wherein said distribution of
said content stream comprises delivery of said content stream
directly to at least one CPE associated with said network. --

Currently reads (Claim 24 — Column 41):

“24. The method of claim 23, wherein said act of segment-
Ing comprises cutting said content stream at one or more
boundaries.”

Signed and Sealed this
Twentieth Day of December, 2016
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Michelle K. Lee
Director of the United States Patent and Trademark Office
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Should read (Claim 24 — Column 41):
-- 24. The method of claim 23, wherein said act of segment-

Ing comprises cutting said content stream at one or more
[-frame boundaries. --
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